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(57) A hybrid drive system comprising: a torque 
amplify mechanism coupled to an output member of an 
internal combustion engine and an output member of an 
electric motor, as energized by an electric power to out- 
put a torque, for amplifying and outputting the torque, as 
outputted from the internal combustion engine, by con- 
trolling the torque of the electric motor; and a continu- 
ously variable transmission arranged between torque 
amplify mechanism and the output shaft for increas- 
ing/decreasing and outputting the torque inputted from 
the torque amplify mechanism. Further comprised is a 
forward/backward switching mechanism between the 
torque amplify mechanism and the output shaft for set- 
ting a forward state, in which the inputted motive power 
is unreversed and outputted, and a backvvard state in 
which the inputted motive power is reversed and output- 
ted. As a result, the reverse run can be made only with 
the motive power outputted from the internal combus- 
tion engine. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a hybrid s 
drive system equipped as its prime mover with an inter- 
nal combustion engine such as a gasoline engine or a 
Diesel engine and an electric motor such as a motor or 
a motor/generator to be activated by an electric power 
for generating a motive power. io 

BACKGROUND ART 

[0002] As well known in the art, the internal com- 
bustion engine inevitably emits exhaust gases. The is 
components and quantities of the exhaust gases 
depend upon the running state of the interna! combus- 
tion engine. In the ordinary tendencies, at a heavy load- 
ing time when a throttle opening is widened, the 
cleanness of the exhaust gases is liable to become 20 
lower along with the fuel economy. In recent years, on 
the other hand, the demand for the cleanness of the 
exhaust gases of the vehicle having the internal com- 
kxjstion engine mounted thereon has grown Ngher and 
higher, and a hybrid drive system has been developed 2S 
to satisfy the demeuid. 

[0003] This hybrid drive system is a drive system 
equipped with the internal combustion engine and an 
electric motor as its prime movers and is basically con- 
structed such that the internal combustion engine is 30 
activated in the most efficient state whereas the electric 
motor is run as an assistant or a prime mover in other 
running states. Thus, the hybrid drive system is 
equipped with an electric motor capable of controlling its 
torque with an electric current so that it does not employ 35 
any transmission as in the prior art adopting the internal 
combustion engine exclusively as the prime mover. In 
the so-called "parallel hybrid type", however, the trans- 
mission has been mounted on the hybrid drive system 
in which the internal combustion engine is used not only 40 
for the power generating prime mover but also for a run- 
ning prime nrxwer. In addition, there has been devel- 
oped a system in which the torque of the internal 
combustion engine and the torque of the electric motor 
are inputted to a single transmission mechanism such 45 
as a planetary gear mechanism so that the output 
torque of the internal combustion engine may be ampli- 
fied and outputted. 

[0004] An example of this system has been dis- 
closed in Japanese Patent Laid-Open No. 37411/1997. so 
As shown in Fig. 11 of the Laid-Open. the system is 
equipped with a double pinion type planetary gear 
mechanism which has: a ring gear coupled to an output 
shaft; a sun gear coupled to a motor/generator; an input 
clutch for coupling a carrier and an engine; a brake for ss 
fixing the carrier selectively; and an integral clutch for 
coupling the canier and the sun gear to Integrate the 
planetary gear mechanism as a whole. Moreover, the 



output shaft can be coupled to a continuously variable 

transmission. 

[0005] In the hybrid drive system disclosed in Rg. 
1 1 of the Laid-Open. therefore, when a motive power is 
inputted from the motor/generator to the sun gear with a 
motive power being inputted to the carrier from the 
engine, a higher torque than the engine torque is out- 
putted to the ring gear acting as an output member. 
When the motor/generator is reversed to absorb tiie 
motive power, on the other hand, it is possikDie to gener- 
ate an electric power. Moreover, the driving force can be 
continuously changed according to the gear ratio at the 
continuously variable transmission. By making use of 
the torque amplifying function In the planetary gear 
mechanism and the continuous gear ratio changing 
function of the continuously variable transmission, the 
internal combustion engine can be rim to optimize the 
fuel economy. 

[0006] If the electric motor is provided as the prime 
mover, as described above, the output torque of the 
electric motor can be controlled with the electric current 
so that the transmission can be basically eliminated. In 
the aforementioned hybrid drive system of the prior art. 
the planetary gear mechanism and the continuously 
variable transmission have been utilized as control 
means for tfie run of the internal combustion engine to 
optimize the fuel economy In tiie aforementioned con- 
struction of tiie planetary gear mechanism, therefore, 
during the run with the output of tiie internal combustion 
engine, the ring gear acting as an output element can- 
not be rotated backward of tiie carrier acting as an input 
element. In the case of a reverse run by the aforemen- 
tioned hybrid system of the prior art. therefore, the inter- 
nal combustion engine is held in tiie idling state, and the 
carrier is fixed by tiie brake. In tiiis state, tiie ring gear or 
the output element is rotated backward of the internal 
combustion engine by causing tiie motor/generator to 
function as a motor. 

[0007] In short, the hybrid drive system of tine prior 
art is constructed to effect the reverse run with the elec- 
tric motor. When the state of charge (SOC) of tiie (stor- 
age) ttattery is short, tiierefore, there is no possibility 
that a sufficient torque demanded for the reverse run 
can be outputted. In order to eliminate this disadvan- 
tage, the intemal comkxistion engine may be started to 
charge up the battery. Then, the reverse run has to 
await completion of the charge. Especially tiie parallel 
hybrid system in which the electric motor acts as a gen- 
erator cannot perform the run and the generation simul- 
taneously with the electric motor. Thus, there arises a 
drawback tiiat the reverse run becomes difficult as soon 
as the charge in tiie battery drops. 
[0008] The invention has an object to provide a 
hybrid drive system capable of retaining a torque for a 
reverse run even when tiie charge of the battery is 
short. 

[0009] Anotiier object of the invention is to provide a 
hybrid drive system capable of running backward witii 
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an internal combustion engine and having a small size 
DISCLOSURE OF THE INVENTION 

[0010] According to a first feature of the invention, 
the hybrid system is equipped with a forward/backward 
switching mechanism for reversing the motive power to 
be transmitted to the output shaft The motive power to 
be inputted to the foHA/ard/backward switching mecha- 
nism is outputted from an electric motor or an internal 
combustion engine. The motive power to be transmitted 
to the output shaft can be reversed, even directed for 
the lonward run. by the foPA/ard/backward switching 
mechanism so that the reverse run can be effected even 
while the internal combustion engine is exclusively acti- 
vated. In short, the vehicle can run backward without 
any assist of the electric motor. 
[001 1 1 The hybrid system according to the invention 
comprises a continuously variable transmission. The 
continuously variable transmission to be employed has 
a construction in which a drive side member and a 
driven side member are arrayed in parallel, so that the 
hybrid drive system can shorten its whole length. By 
arranging the forwardybackward switching mechanism 
in alignment with the driven side member, the space can 
be effectively used to reduce the size of the system. 
[001 21 Moreover, a first engagement device for set- 
ting a fonward state and a second engagement device of 
setting a backward state are arranged on the two sides 
across the driven side member so that the system can 
be made smaller. 

[0013] According to another feature of the inven- 
tion, the hybrid drive system synthesizes the motive 
power outputted from the electric motor and the motive 
power outputted from the internal combustion engine 
with a planetary gear mechanism and outputs the syn- 
thesized motive power to the output member. At the 
time of outputting the motive power from the planetary 
gear mechanism to the output member, this output 
memt)er can be selectively coupled to any two rotary 
elements of the planetary gear mechanism, and any 
rotary element of the planetary gear mechanism can be 
fixed by brake means, so that the motive power inputted 
to the planetary gear mechanism can be reversed and 
outputted to the output member. This makes it possible 
for the vehicle to run with only the motive power of the 
internal combustion engine. Moreover, the mechanism 
for synthesizing the motive power of the electric motor 
and the motive power of the internal combustion engine 
also acts as a mechanism for the reverse run so that the 
system can be small-sized with the reduced number of 
components. 

[0014] In the invention, moreover, the mechanism 
for synthesizing the torque and for reversing the direc- 
tion of the motive force for the reverse run can be exenv 
piified by a double pinion type planetary gear 
mechanism, a single pinion type planetary gear mecha- 
nism or a Ravignaux type planetary gear mechanism 



and can be constructed by combining a plurality of plan- 
etary gear mechanisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0015] 

Rg. 1 is a skeleton diagram for explaining one 
example of the invention. Fig. 2 is a table enumerat- 
10 ing the applied/released states of a frictional 
engagement device for setting individual drive 
modes in a hybrid drive system having the con- 
struction shown in Fig. 1. Fig. 3 is a nomographic 
chart on a planetary gear mechanism of a torque 
15 amplify mechanism shown in Fig. 1 . Fig. 4 is a nom- 
ographic chart on a planetary gear mechanism of a 
nomographic chart on a planetary gear mechanism 
of a forward/reverse switching mechanism shown in 
Rg. 1 . Rg. 5 is a skeleton diagram for describing 
20 another example of the invention. Fig. 6 is a skele- 
ton diagram for describing still another example of 
the invention. Rg. 7 is a skeleton diagram showing 
one example of the invention. Fig. 8 is a table enu- 
merating the applied/t-eleased states of a frictional 
25 engagement device for setting individual drive 
modes in a hybrid drive system having the con- 
struction shown in Fig. 7. Fig. 9 is a nomographic 
chart for describing the rotational states of individ- 
ual rotary elements in an engine start mode by the 
30 hybrid drive system having the construction shown 
in Fig. 7. Fig. 10 is a nomographic chart for describ- 
ing the rotational states of the individual rotary ele- 
ments in an ETC mode by the hybrid drive system 
having the construction shown in Fig. 7. Fig. 1 1 is a 
35 nomographic chart for describing the rotational 
states of the individual rotary elements in an engine 
mode at a reverse running time by the hybrid drive 
system having the construction shown in Fig. 7. Rg. 
12 is a section showing a portion of an emtxxJied 
40 example of the hybrid drive system having the con- 
struction shown in Fig. 7. Fig. 13 is a section show- 
ing another portion of the emkxxlied example of the 
hybrid drive system having the construction shown 
in Fig. 7, Fig. 14 is a section showing still another 
portion of the embodied example of the hybrid drive 
system having the construction shown in Fig. 7. Rg. 
15 is a skeleton diagram showing another example 
of the invention. Rg. 16 is a table enumerating the 
applied/released states of a frictional engagement 
device for setting individual drive modes in a hybrid 
drive system having the construction shown in Fig. 
15. Rg. 17 is a nomographic chart for describing 
the rotational states of individual rotary elements in 
an engine start mode by the hybrid drive system 
55 having the construction shown in Fig. 15. Rg. 18 is 
a nomographic chart for describing the rotational 
states of the individual rotary elements in an ETC 
mode by the hybrid drive system having the con- 
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struction shown In Fig. 15. Fig. 19 is a nomographic 
chart for describing the rotational states of the indi- 
vidual rotary elements in an engine mode at a 
reverse running time by the hybrid drive system 
having the construction shown in Rg. 15. Fig. 20 is § 
a skeleton diagram showing a construction in which 
an oil pump is added to the hybrid drive system 
having the construction shown in Rg. 15. Fig. 21 is 
a skeleton diagram showing still another example of 
the invention. Fig. 22 is a table enumerating the w 
applied/released states of a frictional engagement 
device for setting individual drive modes in a hybrid 
drive system having the construction shown in Fig. 
21 . Fig. 23 is a nomographic chart for describing 
the rotational states of individual rotary elements in is 
an engine start mode by the hybrid drive system 
having the construction shown in Rg. 21 . Fig. 24 is 
a nomographic chart for describing the rotational 
states of the individual rotary elements in an ETC 
mode by the hybrid drive system having the con- go 
struction shown in Fig. 21 . Fig. 25 is a nomographic 
chart for describing the rotational states of the indi- 
vidual rotary elements in an engine mode at a 
reverse running time by the hybrid drive system 
having the construction shown in Rg. 21 . Fig. 26 is 25 
a skeleton diagram showing still another example of 
the invention. Fig. 27 is a table enumerating the 
applied/released states of a frictional engagement 
device for setting individual drive modes in a hybrid 
drive system having the construction shown in Fig. 30 
26. Fig. 28 is a nomographic chart for describing 
the rotational states of individual rotary elements in 
an engine start mode by the hybrid drive system 
having the construction shown in Rg. 26. Fig. 29 is 
a nomographic chart for describing the rotational 35 
states of the individual rotary elements in an ETC 
mode by the hybrid drive system having the con- 
struction shown in Fig. 26. Fig. 30 is a nomographic 
chart for describing the rotational states of the indi- 
vidual rotary elements in an engine mode at a 40 
reverse running time by the hybrid drive system 
having the construction shown in Rg. 26. Fig. 31 is 
a skeleton diagram showing a construction in which 
an oil pump is added to the hybrid drive system 
having the construction shown in Rg. 26. Fig. 32 is 45 
a skeleton diagram showving still another example of 
the invention. Fig. 33 is a table enumerating the 
applied/released states of a frictional engagement 
device for setting individual drive modes in a hybrid 
drive system having the construction shown in Fig. so 
32. Rg, 34 is a nomographic chart for describing 
the rotational states of individual rotary elements in 
an engine start mode by the hybrid drive system 
having the construction shown in Rg. 32. Fig. 35 is 
a nomographic chart for describing the rotational 55 
states of the individual rotary elements in an ETC 
mode by the hybrid drive system having the con- 
struction shown in Fig. 32. Fig. 36 is a nomographic 



chart for describing the rotational states of tiie indi- 
vidual rotary elements in an engine mode at a 
reverse running time by the hybrid drive system 
having the construction shown in Fig. 32. Fig. 37 is 
a skeleton diagram showing still another example of 
the invention. Fig. 38 is a table enumerating the 
applied/released states of a frictional engagennent 
device for setting individual drive modes in a hybrid 
drive system having the construction shown in Rg. 
37. Fig. 39 is a nomographic chart for describing 
the rotational states of individual rotary elements in 
an engine start mode by the hybrid drive system 
having tiie construction shown in Fig. 37. Fig. 40 is 
a nomographic chart for describing the rotational 
states of the individual rotary elements in an ETC 
mode by the hybrid drive system having the con- 
struction shown in Fig. 37. Fig. 41 is a nomographic 
chart for describing the rotational states of tiie indi- 
vidual rotary elements in an engine mode at a 
reverse running time by the hybrid drive system 
having the construction shown in Fig. 37. Fig. 42 is 
a skeleton diagram showing still another example of 
the invention. Fig. 43 is a nomographic chart for 
describing the rotational states of the individual 
rotary elements in an ETC mode by the hybrid drive 
system having the construction shown in Fig. 42. 
Rg. 44 is a nomographic chart for describing tiie 
rotational states of the individual rotary elements in 
an engine mode at a reverse running time by the 
hybrid drive system having the construction shown 
in Rg. 42. Fig. 45 is a nomographic chart for 
describing the rotational states of the individual 
rotary elements in an engine mode at a regenera- 
tive braking time by the hybrid drive system having 
tiie construction shown in Fig. 42. Rg. 46 is a skel- 
eton diagram showing still another example of the 
Invention. Fig. 47 is a nomographic chart for 
describing the rotational states of the individual 
rotary elements in an ETC mode by the hybrid drive 
system having the construction shown in Fig. 46. 
Rg. 48 is a nomographic chart for describing tiie 
rotational states of the individual rotary elements in 
an engine mode at a reverse running time by the 
hybrid drive system having the construction shown 
in Fig. 46. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 6] The invention will be described more specif- 
ically in the following. Rg. 1 is a schematic diagram 
showing one example of a hybrid drive system accord- 
ing to the invention. An internal combustion engine 1 
such as a gasoline engine or a Diesel engine is con- 
nected at its output member, i.e.. a crankshaft 2 to a fly- 
wheel 4 having a damper mechanism 3 mounted 
tiierein. In alignment with these aankshaft 2 and fly- 
wheel 4, tiiere is aranged an Input shaft 5. which is con- 
nected through the damper mechanism 3 to tiie 
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flywheel 4. 

[001 7] Around the input shaft 5 and adjacent to the 
flywheel 4. there is arranged in alignment with the input 
shaft 5 a motor-and-generator (as will be called the 
"motor/generator) 6. This motor/generator 6 is con- 
structed, like one used in the hybrid drive system of the 
prior art, such that a rotor 9 is an^anged rotatably in a 
stator 8 having a coil 7. When this coil 7 is energized, 
the rotor 9 is rotated to output a torque. In short, the 
rotor 9 acts as an output member. When the rotor 9 is 
rotated by an externa! force, on the contrary, the coil 7 
generates an electromotive force. This coil 7 is electri- 
cally connected with a battery 10 through a control cir- 
cuit 11. 

[001 8] On the side opposed to the flywheel 4 across 
the motor/generator 6. there is arranged in alignment 
with the input shaft 5 a torque amplify mechanism 12. In 
the example shown in Fig. 1 , this torque amplify mecha- 
nism 12 is constructed mainly of a set of single pinion 
type planetary gear mechanism 13. Specifically, a sun 
gear 1 4 and a ring gear 1 5 which is an internal gear are 
concentrically arranged, and a pinion gear meshing with 
those sun gear 1 4 and ring gear 1 5 is retained rotatably 
and revolvably by a carrier 16. 

[001 9] There is provided an input clutch 1 7 for cou- 
pling the input shaft 5 selectively to the ring gear 15. 
Hence, this ring gear 15 acts as a first input element. 
This input clutch 17 is the so-called "frictional engage- 
ment device" which is constructed of a multi-disc dutch 
to be hydraulically applied/released, and is anranged 
adjacent to the planetary gear mechanism 13 and in 
alignment with the input shaft 5. On the other hand, the 
sun gear 1 4 is connected to the rotor 9 so that it acts as 
a second input element. 

[0020] Around the input dutch 1 7. there is arranged 
in alignment with the input shaft 5 a direct dutch 18 for 
integrating the planetary gear mechanism 13 as a 
whole. This direct dutch 18 is the so-called "frictional 
engagement device" which is constructed of a multi-disc 
dutch to be hydraulically applied/released. This direct 
dutch 1 8 is coupled at its hub to the ring gear 1 5 and at 
its drum to the carrier 16. When the direct clutch 18 is 
applied, therefore, the two elements of the planetary 
gear mechanism 13, i.e.. the ring gear 15 and the car- 
rier 16 are connected to rotate together so that the plan- 
etary gear mechanism 1 3 is integrated as a whole. 
[0021] Between the carrier 16 acting as an output 
element and a predetermined stationary portion such 
as a housing 19. moreover, there is anranged a one-way 
dutch 20. This one-way dutch 20 is so constructed that 
it is applied when the carrier 16 is to rotate in the oppo- 
site direction to the crankshaft 2 in the internal combus- 
tion engine 1. Hence, this one-way clutch 20 can 
function as the so-called "hill hold" means for preventing 
the vehicle from being reversed at a starting time. 
[0022] Subsequent to the torque amplify mecha- 
nism 12, there is provided a continuously variable trans- 
mission 21 . The example shown in Fig. 1 is constructed 
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to match an FF (Front engine - Front drive) car or an RR 
(Rear engine - Rear drive) car so that the continuously 
variable transmission 21 adopted is of the belt type. 
Specifically, a drive pulley 22 capable of changing its 

5 groove width is ananged in alignment with the input 
shaft 5 and is integrally connected to the carrier 16. 
Moreover, a driven pulley 23 capable of changing its 
groove width is arranged to have its center axis of rota- 
tion in parallel with the input shaft 5. 

10 [0023] This drive pulley 22 is composed of a sta- 
tionary sheave 24 arranged on a common axis and a 
movable sheave 25 made axially movable to and from 
the stationary sheave 24. The groove width between the 
stationary sheave 24 and the movable sheave 25 is 

75 changed by moving the movable sheave 25, as located 
on the lefthand side of Fig. 1 , in the axial direction by an 
actuator such as a not-shown hydraulic cylinder. 
[0024] On the otiier hand, tiie driven pulley 23 is 
also composed of a stationary sheave 26 and a mova- 

20 We sheave 27. In order to make the groove in the drive 
pulley 22 and the groove in the driven pulley 23 concen- 
tric at all times, the stationary sheave 26 in tiie driven 
pulley 23 is arranged radially outside of the movable 
sheave 25 in tfie drive pulley 22. and the movable 

25 sheave 27 in the driven pulley 23 is arranged radially 
outside of the stationary sheave 24 in the drive pulley 
22. In tills driven pulley 23. too. tiie groove widtfi is 
changed by moving the movable sheave 27 l5ack and 
forth in the axial direction by an actuator such as a not- 

30 shown hydraulic cylinder. 

[0025] On tiiese pulleys 22 and 23. moreover, tfiere 
is made to run a belt 28. This belt 28 is prepared by 
jointing a number of metal pieces and is clamped 
between the individual sheaves 24. 25. 26 and 27 to 

35 transmit the torque such that its winding (or engaging) 
radius is changed according to the groove widtii. By 
moving tiie individual movable sheaves 25 and 27 back 
and forth to change the groove width oppositely on the 
drive side and on the driven side, ttierefore, tiie winding 

40 (or engaging) diameter of tiie belt 28 is continuously 
changed to change the ratio of the winding radii on the 
drive and driven sides, i.e.. the gear ratio continuously. 
This drive pulley 22 corresponds to tiie drive side mem- 
ber of tiie invention, and the driven pulley 23 con-e- 

45 spends to the driven side member of the invention. 
[0026] In the example shown in Fig. 1. tiie torque 
amplify mechanism 12. the motor/generator 6 and tiie 
internal combustion engine 1 are arranged in the recited 
order on the common axis on the righthand side of Fig. 

so 1. On the righthand side of Fig. 1. on the other hand, a 
fonA/ard/backward switching mechanism 29 is arranged 
in alignment with the drive pulley 23. This fonwardyback- 
ward switching mechanism 29 is constructed mainly of 
a double pinion type planetary gear mechanism 30 in 

55 the example shown in Fig. 1 . This planetary gear mech- 
anism 30 is constructed such tiiat a sun gear 31 and a 
ring gear 32 which is an internal gear are arranged on a 
concenta'ic circle, such that a first pinion gear meshing 
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with the sun gear 31 and a second pinion gear meshing 
with the first pinion gear and the ring gear 32 are 
arranged between the sun gear 31 and the ring gear 32. 
and such that these pinion gears are retained by a car- 
rier 33. 

[0027] Moreover, the sun gear 31 is connected to 
the driven gear 23, and the carrier 33 is coupled to an 
output shaft 34. A fonA^ard dutch 35 acting as an 
engagement device for integrating the entirety of the 
planetary gear mechanism 30 into the fonArard state is 
arranged between the sun gear 31 and the ring gear 32. 
On the other hand, a reverse brake 36 acting as an 
engagement device for establishing a reverse state, in 
which the carrier 33 Is rotated in the opposite direction 
to the sun gear 31, is interposed between the ring gear 
32 and a predeternnined stationary portion such as the 
housing 19. More specifically, the forward clutch 35 is 
arranged on the side opposed to the driven pulley 23 
across the planetary gear mechanism 30, and the 
reverse brake 36 is arranged arourKl the ring gear 32. 
[0028] The fonwardA>ackward switching mechanism 
29 is ranged radially outside of the torque amplify mech- 
anism 12. Since this portion is such a space in the con- 
tinuously variable transmission 21 as is formed by 
providing the driven pulley 23. the forwardA)ackward 
switching mechanism 29 is arranged by making effec- 
tive use of the space. 

[0029] The output shaft 34. as connected to the car- 
rier 33. is arranged In alignment with the driven pulley 
23 and the forward/backward switching mechanism 29. 
An output gear 37 is Integrated with the output shaft 34. 
In parallel with the output shaft 34, on the other hand, 
there is arranged a counter shaft 38 which is integrated 
with a driven gear 39 meshing with the output gear 37 
and a drive gear 40 having a smaller diameter than that 
of the driven gear 39. This drive gear 40 meshes with a 
ring gear 42 In a differential gear unit 41. The drive gear 
40 is preferakDly arranged around the torque arrplify 
mechanism 12 and the 1orv\»rd clutch 35. 
[0030] Here, reference numeral 43 in Fig. 1 desig- 
nates a hydraulic pump which is so coupled to the Input 
shaft 5 by a belt 44 as to transmit the torque. Moreover, 
a motor 45 Is so connected to the hydraulic pump 43 
that it can drive the hydraulic pump 43 by itself. Moreo- 
ver, numeral 46 in Rg. 1 designates a side member con- 
structing the vehicle body. Thanks to the 
aforementioned arrangement of the forwardA^ackward 
switching mechanism 29. it is possible to avoid the inter- 
ference between the forward/backward switching mech- 
anism 29 and the side member 46. 
[0031] The hybrid drive system thus constructed 
can be run in a plurality of modes, as enumerated in Fig. 
2, because the output of the internal combustion engine 
1 and the output of the motor/generator 6 are synthe- 
sized by the torque amplify mechanism 12 and output- 
ted. The hybrid drive system can also make the fonward 
run and the reverse run In each of the modes. Here in 
Fig. 2, symk)ols Q indicate the applied state or the drive 



state, and symbols X indicate the released state or the 
non-drive state. Here will be described the individual 
drive modes. 

[0032] In a drive mode or a torque amplify mode, 

5 the output torque of the internal combustion engine 1 is 
ampfif led and outputted by controlling the torque of the 
motor/generator 6. In this torque ampify mode, there- 
fore, tile internal combustion engine 1 is activated, and 
tiie Input clutch 17 is applied to transmit the output 

10 torque of tiie internal combustion engine 1 to the torque 
ampfify mechanism 12. On the other hand, there is 
released tiie direct clutch 18 for integrating tiie Individ- 
ual rotary elements of the planetary gear mechanism 13 
constructing the torque anrpllfy mechanism 12. Here, 

75 the oil pressure for applying the input clutch 1 7 is gener- 
ated before the state of tiie internal combustion engine 
1 by driving the hydraulic purrp 43 with the motor 45 
and during the run by transmitting the torque from the 
input shaft 5 tiirough the belt 44 to the hydraulic pump 

20 43 to drive the pump 43. 

[0033] Fig. 3 is a nomographic chart of tiie plane- 
tary gear mechanism 13. As seen from Fig. 3, while the 
revolution speed of the sun gear 14 (i.e., the revolution 
speed of the motor/generator 6) acting as the second 

25 input element is smaller than the revolution speed of the 
ring gear 15 (i.e.. the output revolution speed of the 
Internal comtxistion engine 1) acting as the first input 
element, the revolution speed of tiie carrier 16 acting as 
tiie output element is smaller than the output revolution 

30 speed of the internal combustion engine 1 . As a result, 
the torque, as Inputted from the sun gear 14, of the 
motor/generator 6 Is added to the output torque, as 
inputted from the ring gear 15, of the internal combus- 
tion engine 1 so tiiat the synthesized torque is outputted 

35 from the carrier 1 6. In other words, the torque outputted 
from tiie carrier 16 exceeds the torque inputted from the 
Internal combustion engine 1 so that the planetary gear 
mechanism 13 performs the amplifying action of tiie 
torque. 

40 [0034] Here in this case, while the rotor 9 Is rotated 
backward together with the sun gear 14, the motor/gen- 
erator 6 functions as a generator. In short, the 
motor/generator 6 generates the electric power by utiliz- 
ing a part of the output of the internal combustion 

45 engine 1 . This charge region is defined by lines "a" and 
15" in Fig. 3. As the revolution speed (or the output rev- 
olution speed) of tiie carrier 1 6 Increases to start the for- 
ward rotation of the sun gear 13. on the otiier hand, the 
motor/generator 6 is fed with an electric current to func- 

50 tion as a motor so that the battery 1 0 Is discharged. This 
discharge regton Is defined by lines "b" and "c" In Fig. 3. 
[0035] In the torque amplify mode, on the other 
hand, the carrier 16 which is the output element rotates 
fonward so tiiat tiie one-way dutch 20 an^anged between 

55 tiie carrier 16 and the predetermined stationary portion 
such as tiie housing 19 comes into tiie released (or 
free) state. 

[0036] . Since the carrier 1 6 is connected to the drive 



6 



BNSDOCID: <EP 103a722A1 J_> 



11 



EP1038 722A1 



12 



pulley 22 in the continuously variable transnnission 21 
by connection means such as a connecting drum, the 
output torque in the torque anplify mechanism 12 is 
transmitted to the drive pulley 22. if. in this continuously 
variable transmission 21 . the groove width of the drive 
pulley 22 is enlarged whereas the groove vt^dth of the 
driven pulley 23 is accordingly reduced, the winding 
radius of the belt 28 on the drive pulley 22 grows smaller 
whereas the winding radius of the belt 28 on the driven 
pulley 23 grows larger, so that the gear ratio to be deter- 
mined by those winding radii is lowered. If the groove 
width of the drive pulley 22 is reduced whereas the 
groove width of the driven pulley 23 is enlarged, on the 
contrary, the' geeu' ratio is raised. Here, these 
change/setting of the gear ratio is performed by moving 
the individual movable sheaves 25 and 27 hydraulically 
in the axial directions. 

[0037] The torque thus accelerated or decelerated 
is traremitted from the driven pulley 23 to the for- 
ward/backward switching mechanism 29. A nomo- 
graphic chart of the planetary gear mechanism 30 
constructing that forward/backward switching mecha- 
nism 29 is illustrated in Rg. 4. In this planetary gear 
mechanism 30, as has been described hereinbefore, 
the sun gear 31 acts as the input element, and the car- 
rier 33 acts as the output element so that the cannier 33 
rotates in an opposite direction to the sun gear 31 by fix- 
ing the ring gear 32. In short, the reverse state is estab- 
lished. Specifically, the reverse brake 36 is applied to fix 
the ring gear 32, and the fonward clutch 35 is reieased. 
In this case, the revolution speed of the carrier 33 acting 
as the output element drops with respect to that of the 
sun gear 31 acting as the input element so that the out- 
put torque is raised with respect to the input torque. 
[0038] When the entirety is rotated by connecting 
any two rotary elements, moreover, the input torque is 
outputted as it is from the carrier 33. In short, the for- 
ward state is established. Specifically, the forward dutch 
35 is applied to couple the sun gear 31 and the carrier 
33. and the reverse brake 36 is released. 
[0039] The torque thus outputted in the forward or 
reverse state by the fonA/ard/backward switching mech- 
anism 29 is transmitted from the output shaft 34 and the 
output gear 37 through the driven gear 39. the counter 
shaft 38. the drive gear 40 and the ring gear 42 to the 
differential gear unit 41 . 

[0040] Here will be described a direct motor mode. 
In this drive mode, the motor/generator 6 is caused to 
function as the motor so that the vehicle runs exclu- 
sively with the motive power of the motor/generator 6. 
This direct motor mode is selected, for example, when 
the vehicle runs at a relatively low speed in an urban 
district or a residential district. 

[0041] In this direct motor mode, therefore, the 
irrternal combustion engine 1 is kept stopped, and the 
input clutch 1 7 is released to isolate the internal com- 
bustion engine 1 and the torque amplify mechanism 12. 
Since no torque synthesization is effected in the torque 



amplify mechanism 12. moreover, the direct clutch 18 is 
applied to integrate the planetary gear mechanism 13 
as a whole. As a result, the output torque of the 
motor/generator 6 is transmitted as it is to the drive pul- 

5 ley 22 of the continuously variable transmission 21. In 
this case, too, the carrier 16 rotates fonward so that the 
one-way dutch 20 comes into the released state. 
[0042] Moreover, the acceleration or deceleration is 
effected by the continuously variable transmission 21 so 

10 that the output torque is transmitted to the fonward/back- 
ward switching mechanism 29. The actions of these 
continuously variable transmission 21 and the for- 
ward/backward switching mechanism 29 have been 
described hereinbefore. In this direct motor mode, too, it 

15 is possible to set the gear ratio arbitrarily and to select 
the forward or reverse run arisitrarily. 
[0043] In a direct engine nKxie, on the contrary, the 
vehicle runs exclusively with the motive power of the 
internal combustion engine 1 . This direct engine mode 

20 is selected, for example, when the vehicle runs at a con- 
stant high speed. In this mode, therefore, both the input 
dutch 17 and the direct clutch 18 are applied to couple 
the internal combustion engine 1 and the continuously 
variable transmission 21 directly. The one-way dutch 20 

25 comes into the released state. 

[0044] As a result, the output torque of the internal 
combustion engine 1 is transmitted to the continuously 
variable transmission 21, in which the accelera- 
tion/deceleration is effected as described hereinbefore. 

30 and the accelerated or decelerated output torque is 
transmitted to the forwardA)ackward switching mecha- 
nism 29, in which it is directed forward or backward and 
outputted to the output shaft 34. Here, by integrating the 
entire planetary gear mechanism 13 in the torque 

35 amplify mechanism 1 2, the rotor 9 of the motor/genera- 
tor 6 rotates together with the sun gear 14 so that the 
motor/generator 6 generates an electromotive force and 
functions as the generator, 

[0045] Here will be described a motor assist mode 

40 to t)e selected at an acceleration time. In this drive 
mode, a high driving force is generated by adding the 
output of the motor/generator 6 to the output of the inter- 
nal combustion engine 1 . In this mode, the internal com- 
bustion engine 1 is activated, and the motor/generator 6 

45 is fed with the electric power so that it may function as 
the motor. In order that the outputs of the internal com- 
bustion engine 1 and the motor/generator 6 may be uti- 
lized as the motive power for the run. moreover, both the 
individual clutches 17 and 18 in the torque amplify 

so mechanism 12 are applied to integrate the planetary 
gear mechanism 13 as a whole. Here, the one-way 
clutch 20 comes into the released state. 
[0046] As a result, the output of the internal com- 
bustion engin 1 and the output of the motor/generator 

55 6 are transmitted as they are to the continuously varia- 
ble transmission 21. The torques, as inputted to the 
continuously variable transmission 21. are accelerated 
or decelerated and transmitted to the Ibnivard/backward 
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switching mechanism 29. in which the output is directed 
fonward or backward until it is outputted to the output 
shaft 34. The actions of these continuously variable 
transmission 21 and forward/backward switching mech- 
anism 29 have been described hereinbefore. 
[0047] Here will be described a regenerative brake 
nnode. In this drive mode, the kinetic energy owned by 
the vehicle is recovered as an electric energy at a decel- 
eration time. Therefore, both the internal combustion 
engine 1 and the motor/generator 6 are inactivated. In 
order to prevent the kinetic energy owned by the vehicle 
from being consumed as the frictional heat, moreover, 
the input clutch 17 is released to uncouple the internal 
combustion engine 1 from the torque amplify mecha- 
nism 12. In order to input the inertial energy at the 
deceleration time to the motor/generator 6. on the other 
hand, the direct clutch 18 Is ^>plied to rotate the plane- 
tary gear mechanism 13 integrally as a whole. 
[0048] While the vehicle is running forward, on the 
other hand, the forward clutch 35 is applied, but the 
reverse brake 36 is released, as described hereinbe- 
fore. At a backward run. on the other hand, the forward 
clutch 35 is released, but the reverse brake 36 is 
applied. In the so-called **powerK>fr state in which the 
motive power is inputted to the torque amplify mecha- 
nism 12 from the side of the output shaft 34. the contin- 
uously variable transmission 21 rotates as at the 
forward running time to accelerate or decelerate the 
torque, as inputted from the side of the output shaft 34, 
and transmits the accelerated or decelerated torque to 
the planetary gear mechanism 13 of the torque amplify 
mechanism 12. The planetary gear mechanism 13 has 
the applied direct clutch 18 so that its entirety integrally 
rotates. As a result, the rotor 9 rotates together with the 
planetary gear mechanism 13 so that the motor/gener- 
ator 6 generates the electric power. Then, the kinetic 
energy owned by the vehicle is converted into and 
recovered as the electric energy so that the vehicle is 
braked. In this case, too, the carrier 1 6 in the planetary 
gear mechanism 13 rotates forward so that the one-way 
clutch 20 comes into the released state. 
[0049] Here will be described an engine start mode. 
In the hybrid drive system thus far described, the inter- 
nal comtjustion engine 1 and the motor/generator 6 are 
so coupled through the torque amplify mechanism 1 2 as 
to transmit the torque so that the internal combustion 
engine 1 can be started by the motor/generator 6. While 
the vehicle is stopped, more specifically, all the rotary 
elements such as the continuously variable transmis- 
sion 21 or the forwardA)ackward switching mechanism 
29 are stopped so that the individual elements of the 
planetary gear mechanism 13 constructing the torque 
arrtpfify mechanism 12 are stopped. In order to rotate 
the internal combustion engine 1 fonward from this state, 
the motor/generator 6 coupled to the sun gear 14 is 
rotated backward. 

[0050] This will be described with reference to the 
nomographic chart of Rg. 3. The irput dutch 17 is 



applied to couple the internal combustion engine 1 to 
the planetary gear mechanism 13, but the direct clutch 
18 is released to make the individual members of the 
planetary gear mechanism 1 3 rotatable relative to each 

5 other. In tiiis state, the straight line joining the sun gear 
14, the carrier 16 and the ring gear 15 is rotated coun- 
ter-clockwise on the carrier 1 6. When the rotation of the 
sun gear 14 is lowered, more specifically, the backward 
rotation of the canrier 14 is blocked by the one-way 

10 clutch 20 so that the rotation of the ring gear 15 is 
raised. In other words, the motor/generator 6 is ener- 
gized to function as the motor to rotate backward. As a 
result, the crankshaft 2 of the internal combustion 
engine 1 is rotated forward together with tiie ring gear 

15 1 5 to start the internal combustion engine 1 . 

[0051] When the internal combustion engine 1 is to 
be started during the run. on the other hand, the 
motor/generator 6 is energized to function as the motor 
to rotate forward. In the state where the vehicle is run- 

20 ning with the internal combustion engine 1 being 
stopped, more specifically, the output of the motor/gen- 
erator 6 is employed as the driving force. In this case, 
the input dutch 17 and the direct dutch 18 are applied, 
as has been descrOsed in the foregoing direct motor 

25 mode. Specif icaliy. the planetary gear mechanism 13 
integrally rotates as a wfiole so that the vehicle runs 
while rotating the internal combustion engine 1 forcbly 
by the motor/generator 6. In this state, therefore, the 
internal combustion engine 1 is started by feeding it with 

30 a fuel. 

[0052] In the hybrid drive system thus far described 
according to tiie invention, the torque outputted from tiie 
continuously variable transmission 21 is transmitted 
eitiier unchangedly or reversely to the output shaft 34 by 

35 the forward/backward switching mechanism 29. There- 
fore, the rotating direction of the prime mover may be 
identical no matter whetiier the vehicle runs forward or 
backward. Even when the vehicle has to be driven only 
by the internal combustion engine 1 which cannot be 

40 reversed, tiiat is. when the charge of the battery 1 0 is so 
low that the output torque of the motor/generator 6 is 
short, therefore, the driving torque at the reverse run 
can be retained necessarily and sufficiently by driving 
the internal combustion engine 1 . 

45 [0053] Since tiie aforementioned hybrid drive sys- 
tem adopted the belt type continuously variak^le trans- 
mission 21, on the other hand, the individual pulleys 22 
and 23 have to be diametrically enlarged so as to raise 
the torque to be transmitted. Since the forwardyt)ack- 

50 ward swvitchtng mechanism 29 is arranged in alignment 
with the driven pulley 23, however, the space to be 
established by providing the driven pulley 23 can be 
effectively utilized to make the entire system compact. 
[0054] In short, the forward clutch 35 in the for- 

55 ward/backward switching mechanism 29 is a clutch for 
coupling the input member and the output member inte- 
grally. Therefore, tiie fonward clutch 35 may be con- 
structed to couple the driven pulley 23 and the output 
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shaft 34 selectively, as exemplified in Fig. 5. 
[0055] In the example shown in Fig. 5. specifically, 
the output shaft 34 is set to have a length to pass the 
driven pulley 23 therethrough in its center axis, and the 
double pinion type planetary gear mechanism 30 and 
the forward clutch 35 are arranged on the kx>th sides 
across the driven pulley 23. Aaoss the driven pulley 23. 
more specifically, the planetary gear mechanism 30 is 
aranged on the leflhand side of Fig. 5. and the fonward 
clutch 35 is arranged on the righthand side of Fig. 5. 
[0056] Moreover, one end portion (as located on the 
lefthand side of Fig. 5) of the output shaft 34 is con- 
nected to the sun gear 31 of the planetary gear mecha- 
nism 30, and the reverse brake 36 is arranged around 
the ring gear 32. In addition, the forward clutch 35 for 
coupling the driven pulley 23 and the output shaft 34 
selectively is arranged in alignment with the output shaft 
34 and around the aforementioned torque amplify 
mechanism 12. The remaining construction is similar to 
that shown in Fig. 1. and its description will be omitted 
by giving Fig. 5 the same reference numerals as those 
of Fig. 1. 

[00571 The aforementioned continuously variable 
transmission 21 is constructed by winding the belt 28 on 
the drive pulley 22 and the driven pulley 23, and its pul- 
leys 22 and 23 are conrposed of the stationary sheaves 
24 and 26 and the movable sheaves 25 and 27 so as to 
change their groove widths. For this construction, there 
is required a space for the actuator to move the movable 
sheaves 25 and 27 and for its stroke. 
[0058] In the examples shown in Figs. 1 and 5. the 
movable sheave 25 of the drive pulley 22 is arranged on 
the end side (as located at the righthand side of Figs. 1 
and 5) of the input shaft 5 so that a space is left around 
it. In the example shown in Fig. 1. in order to minimize 
the space around the movable sheave 25. the not- 
shown casing is recessed to avoid the interference with 
the side member 46. In the example shown in Fig. 5, 
however, the space around the movat>ie sheave 25 is 
effectively utilized to arrange therein the planetary gear 
mechanism 30 for the fonward/backward switching 
mechanism 29. With the construction shown in Fig. 5. 
therefore, the space can be effectively utilized to make 
the system compact as a whole. 
[0059] Here, the aforementioned examples shown 
in Rgs. 1 and 5 adopt the belt type transmission as the 
continuously variable transmission 21. However, the 
invention can adopt as the continuously variable trans- 
mission another construction such as a toroidal type 
continuously variable transmission shown in Fig. 6. 
Here will be described this construction shown in Fig. 6. 
An input disc 51 and an output disc 52. as having toroi- 
dal faces on their confronting sides, are arranged in 
alignment with the torque amplify mechanism 12. On 
the side of tiie torque amplify mechanism 12, tiiere is 
positioned the input disc 51 , to which the carrier 16 act- 
ing as the output member in the torque amplify mecha- 
nism 12 is coupled. 



[0060] On the side opposed to the input disc 51 
across the output disc 52 confronting the input disc 51 , 
there is arranged the planetary gear mechanism 30 
which constructs the fbnArard/backward switching mech- 

5 anism 29. Moreover, the sun gear 31 and the output 
disc 52 are coupled to rotate together. Between the con- 
fronting toroidal faces of the input disc 51 and the output 
disc 52. on the other hand, there is arranged a power 
roller 53. This power roller 53 is so retained as to rotate 

10 on its center axis and is constructed such that its center 
axis is inclined in a plane containing the center axes off 
the individual discs 51 and 52. As a result, the radius 
where the power roller 53 contacts with tiie individual 
discs 51 and 52 changes witii the inclination of. the 

75 power roller 53 so that the revolution speed of the output 
disc 52 relative to the input disc 51 . i.e., tiie gear ratio is 
continuously changed. 

[0061] The construction, as made in Fig. 6, can 
match an FR (Front engine - Rear drive) car because 
20 the individual componertts from the internal combustion 
engine 1 to the output shaft 34 are anranged on tiie 
common axis. On tiie other hand, it is similar to tiie 
hybrid drive system shown in Fig. 1 or 5 that the reverse 
run can be made with the output off the internal combus- 
ts tion engine 1 and tiiat tiie individual drive nnodes shown 
in Fig. 2 can be established. 

[0062] Moreover, the torque ampliffy mechanism 12 
in the invention should not be limited to the construction 
including tiie aforementioned single pinion type plane- 
so tary gear mechanism, input clutch 1 7 and direct clutch 
18 but could be exemplified by a construction using tiie 
double pinion type as tiie planetary gear mechanism or 
a construction made mainly of tiie differential gear unit 
or could be constructed, in short, of a gear device or a 
35 roller device which is provided with three rotary ele- 
ments to have the differential function. 
[0063] On the other hand, tiie forward/backward 
switching mechanism may be so constructed, in short, 
as to selectively set the forward state, in which tiie input 
40 torque and the output torque are identically directed, 
and the reverse state in which those torque directions 
are opposed to each other. Hence, the fonrvardyback- 
ward switching mechanism to be adopted can be 
equipped with an idle gear or a synchronous coupling 
45 mechanism (or synchronizer). This fbrward/l)ackward 
switching mechanism is required to set the reverse state 
by reversing the torque which is synthesized off the out- 
put torque of the internal combustion engine and the 
output torque of the electric motor such as the 
50 motor/generator. For this requirement, the for- 
ward/backward switching mechanism is anranged closer 
to the output shaft than the torque amplify mechanism. 
The position of this an-angement may be located not 
only on the output side of the continuously variable 
55 transmission, as described hereinbefore, t>ut also on tiie 
input side of the same. After all, the position of ttiis 
arrangement may be located between the torque 
amplify mechanism and the output shaft Here, the out- 
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put shaft of the invention should not be limited to the 
aforementioned shaft mounting the output gear but may 
be any shaft if it establishes the substantial output 
entirely of the system. 

[0064] Here will be described an ecample which is 
constructed to set a reverse stage by a mechanism for 
synthesizing the motive power of an internal combus- 
tion engine and the motive power of an electric motor. 
Fig. 7 is a schematic diagram showing the example, in 
which the outputs of the internal combustion engine 1 
and the electric motor 6 are outputted either separately 
or synthetically. The internal combustion engne 1 is a 
power unit such as a gasoline engine or a Diesel engine 
for outputting the motive power by burning a fuel. In the 
following description, the internal combustion engine 
will be shortly referred to as the engine (Eng.) 1 . 
[0065] On the other hand, the electric motor 6 is. in 
short, a power unit for rotating to output the motive 
power when fed with an electric current and can be 
exemplified not only by motors of various types such as 
a synchronous type but also by an electric motor having 
a power generating function. In the following descrip- 
tion, the electric motor is exemplified by one having the 
power generating function and will be shortly referred to 
as the motor/generator (M/G) 6. 
[0066] As the mechanism for outputting the motive 
powers of those engine 1 and motor/generator 6 either 
individually or synthetically, there is provided a mecha- 
nism which is constructed mainly of a double pinion type 
planetary gear mechanism 60. This planetary gear 
mechanism 60 is made of the well-known construction 
which includes rotary elements: a sun gear 61 which is 
an external gear; a ring gear 62 which is an internal 
gear arranged concentrically of the sun gear 61 ; and a 
carrier 65 retaining a first pinion gear 63 meshing with 
the sun gear 61 and a second pinion gear 64 meshing 
with the first pinion gear 63 and the ring gear 62 rotata- 
bly and revolvcU^ly. so that the differential actions may be 
made among the tiiree rotary elements. 
[0067] To the sun gear 61 of these rotary elements, 
there is connected the output shaft (e.g.. the crankshaft) 
of the engine 1. When this engine 1 is exemplified by a 
reciprocating engine, there are caused torque fluctua- 
tions or vibrations due to the intermittent combustion of 
the fuel. In order to atjsorb or damp the vibrations, there 
may be interposed a (not-shown) clamper mechanism 
between the engine 1 and the sun gear 61 . To the car- 
rier 65. on the other hand, there is connected a rotor 6r 
of the motor/generator 6. 

[0068] Between the ring gear 62 and a casing 66, 
there is interposed a brake B1 . This brake B1 fixes the 
ring gear 62 selectively and may be exempBfied by a 
frictional engagement type device such as a multi-disc 
brake or a band brake. The brake B1 may also be ex~m- 
plified by not only the hydraulically actuated type but 
also an electrically actuated type. An output shaft 67 
acting as the output member is arranged in alignrrient 
witii the engine 1. As means for transmitting the motive 



power selectively to the output shaft 67. there are pro- 
vided two clutches: a first dutch CI for coupling tiie car- 
rier 65 and the output shaft 67 selectively: and a second 
dutch C2 for coupling tiie ring gear 62 and the output 

5 shaft 67 selectively. These clutches CI and C2 are most 
generally exemplified by the multi-disc type to be 
hydraulically applied/released but can othenAfise be 
exemplified by various types such as a dog clutch and 
equipped with electric means for applying/releasing it. 

10 [0069] The output shaft 67 is coupled to a transmis- 
sion 68. Tills transmission 68 changes the gear ratio to 
raise or lower the driving torque and can be exerrplif ied 
by various transmissions such as a discontinuous type 
transmission constructed mainly of a planetary gear 

IS mechanism, a discontinuous type transmission for 
changing the coupling relations of rotary elements by a 
synchronous switching mechanism (or synchronizer), a 
belt type continuously variable transmission or a toroidal 
type continuously variable transmission. Fig. 7 shows 

20 the belt type continuously variatsle transmission 68 
schematically. 

[0070] This continuously variable transmission 68 is 
made of the well-known construction in which a drive 
pulley 69 and a driven pulley 70 capable of changing 
25 their groove widths are arranged in parallel so tiiat the 
winding radius of the (not-shown) belt on the pulleys 69 
and 70 may be changed to change tiie gear ratio contin- 
uously by changing tiie groove widths of those pulleys 
69 and 70. 

30 [0071] In parallel with the driven pulley 70, there is 
arranged a counter shaft 71 . These driven pulley 70 and 
the counter shaft 71 are coupled by a pair of counter 
gears 72 and 73. Moreover, another gear 74, as 
nnounted on the counter shaft 71 , meshes with an out- 

35 put gear 75, which is exemplified by the ring gear of a 
differential unit. 

[0072] Here will be described the actions of the 
aforementioned hybrid drive system. This system 
according to the Invention can establish a variety of run- 

40 ning (drive) modes in accordance with the applied 
states of the brake 81 and the individual clutches CI 
and C2, as tabulated in Fig. 8. In Fig. 8 and similar other 
Figures, symbols X indicate the released (inactive) 
state, and symk)ols O indicate the applied (active) 

45 State. Here will be described the individual drive modes. 
[0073] First of all, an engine start mode will be 
described. In this mode, the engine 1 is started while 
the vehicle is stopped, and tiie brake 81 is applied. Spe- 
dfteaily, the ring gear 62 of the planetary gear mecha- 

50 nism 60 is fixed with respect to the casing 66. In 
addition, the second clutch C2 may be applied to fix the 
output shaft 67. When, in this state, the motor/generator 
6 is driven in the opposite direction to the rotating direc- 
tion of tiie engin~ 1 to rotate tiie canrier 65 backward. 

55 the sun gear 61 rotates forward because the ring gear 
62 is fixed. In short, tiie engine 1, as coupled to the sun 
gear 61. is rotated fdn^^rd so that the engine 1 is 
started by starting the feed of the fuel simultaneously 
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and by igniting it if it is the gasoline engine. 
[0074] This state is illustrated as a nomographic 
chart in Fig. 9. In Fig. 9 and other similar Figures: a let- 
ter "S" designates the sun gear 61 ; a letter "R" the ring 
gear 62; and letters "CR" the carrier 65. On the other 
hand, arrows indicate the directions of torques. Moreo- 
ver, a letter p indicates the ratio (or gear ratio) in the 
tooth number between the sun gear 61 and the ring 
gear 62. When the cater 65 is rotated backward by the 
motor/generator 6 with the ring gear 62 being fixed, as 
shown in Fig. 9. the sun gear 61 is rotated fonward to 
start the engine 1 coupled thereto. 
[0075] Here will be described an ETC mode at the 
forward running time. In this ETC mode, the aforemen- 
tioned system is caused to function as a torque con- 
verter, and the second dutch C2 is exclusively applied 
to couple the output shaft 67 to the ring gear 62. In this 
mode, the engine 1 is run in the highest efficiency, for 
example, whereas the motor/generator 6 is so driven 
that the torque to be established at the ring gear 62 may 
satisfy the demand of the run. The nomographic chart 
indicating this state is shown in Fig. 10, for example. A 
positive torque is generated in the sun gear 61 because 
the engine 1 is driving, whereas a negative torque is 
applied to the ring gear 62 by the load for running the 
vehicle, and the torque oulputted by the motor/genera- 
tor 6 is applied forward to the carrier 65. If the 
motor/generator 6 is rotated backward in this state, the 
revolution speed of the ring gear 62 drops to zero to 
stop the vehicle, as indicated by a solid line in Fig. 10, in 
dependence upon the revolution speed of the 
motor/generator 6. In short, the vehicle can be kept in 
the stopped state while driving the engine 1 . 
[0076] When the revolution speed of the motor/gen- 
erator 6 is increased in the fonn/ard direction (or 
decreased in the backward direction) by raising the for- 
ward output torque of the same from the state indicated 
by the solid line in Fig. 10. on the other hand, the ring 
gear 62 acting as the output element rotates forward, as 
indicated by broken line in Fig. 10. because the revolu- 
tion speed of the engine 1 and the ring gear 61 inte- 
grated with the former is kept constant. Moreover, this 
torque is amplified from the input torque in accordance 
with the gear ratio p of the planetary gear mechanism 
60. In short, there is established the torque amplifying 
action. In other words, the motor/generator 6 makes the 
assist action. 

[0077] Here will be further described a motor mode. 
In this mode, the vehicle is run exclusively by the motive 
power of the motor/generator 6, and only the first clutch 
C1 is applied to drive the motor/generator 6. In this 
state, the motor/generator 6, the carrier 65 and the out- 
put shaft 67 come into the directly coupled state so that 
the motive power of the motor/generator 6 is transmitted 
as it is to the output shaft 67 to run the vehicle. 
[0078] Here will be further described an 
engine/motor (Eng. + motor) mode. This is the so-called 
"directly coupled running mode**, in which the first clutch 



CI and the second clutch C2 are applied. When these 
clutches CI and C2 are applied, the earner 65 and the 
ring gear 62 are coupled through the output shaft 67 so 
that the planetary gear mechanism 60 is integrated as a 

5 whole. In other words, the engine 1 and the motor/gen- 
erator 6 are directly coupled to the output shaft 67. As a 
result, the motive powers, as outputted from the engine 
1 and the motor/generator 6. are inputted as they are 
through the output shaft 67 to the transmission 68. 

10 [0079] Here will be described modes for the reverse 
run. This reverse run can be effected with the motive 
power of the engine 1, with the motive power of the 
motor/generator 6 and with the motive powers of the 
engine 1 and the motor/generator 6. Of these, the 

15 engine mode will be described first of all. In this mode, 
the first clutch C1 is applied to couple the output shaft 
67 to the carrier 65, and the brake B1 is applied to f ix the 
ring gear 62. This state is illustrated by a nomographic 
chart in Fig. 1 1 . When the engine 1 is activated, the sun 

20 gear 61 is rotated fonward with the ring gear 62 being 
fixed, so that the carrier 65 rotates backward. In other 
words, the output shaft 67 rotates in the opposite direc- 
tion to the rotating direction of the engine 1 so that the 
vehicle is run backward by the motive power of the 

25 engine 1 . 

[0080] In the motor reverse mode, on the other 
hand, the first dutch 01 is exclusively applied. This 
mode is identical to the aforementioned motor mode for 
the fonward run, and the motor/generator 6 is directly 

30 coupled to the output shaft 67 so that the output shaft 67 
is reversed by reversing the motor/generator 6. In short, 
the reverse run is effected by the motive power of the 
motor/generator 6. 

[0081 ] In the electric motor (Eng. + motor) mode for 
35 the reverse run. the first dutch CI and the brake B1 are 
applied. This is similar to the engine mode tor the 
reverse run. By activating the engine 1, the earner 65 
and the output shaft 67 coupled to the former are 
rotated backward. Since the motor/generator 6 is 
40 always coupled to the carrier 65, however, the motive 
power of the motor/generator 6 is transmitted to the out- 
put shaft 67 to raise the driving force for the reverse run 
by activating the motor/generator 6 backward. In short, 
the driving force can be assisted by the motor/generator 
45 6. 

[0082] Thus, in the hybrid drive system shown in 
Fig. 7. in the ETC mode, the torque, as outputted by the 
engine 1 . can be amplified and outputted to the output 
shaft 67 by inputting the torque of the motor/generator 6 

so to the planetary gear mechanism 60. By controlling the 
revolution speed of the motor/generator 6, moreover, 
the rotation of the output shaft 67 can be stopped with 
the engine 1 being left active. As a result, the planetary 
gear mechanism 60 can function like the torque con- 

55 verter. 

[0083] Moreover, the reverse run can be effected 
exclusiveiy by the motive power of the engine 1. As the 
transmission 68. therefore, there can be adopted a 
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tranr.mission which cannot set a reverse stage like the 
afc 'mentioned continuously variable transmission. Still 
m: ver. the engine 1 can be rotated and started by 
thv : jtive power of the motor/generator 6. As a result, 
the aforementioned hybrid drive system can eliminate 
the starter motor which has been indispensable in the 
prior art. 

[0084] In the hybrid drive system, in the ETC mode 
for the forward run, the output shaft 67 is coupled to the 
ring gear 62 by the second clutch C2. At the reverse run 
by the motive power of the engine 1 . on the other hand, 
the output shaft 67 is coupled to the carrier 65 by the 
first clutch C1. By thus changing the rotary element to 
be coupled to the output shaft 67, the so-called "ETC 
mode** and the reverse run by the engine 1 can be 
effected so that the individual clutches CI and C2 act as 
the so-called "output switching clutches". 
[0085] An example embodying the hybrid drive sys- 
tem thus far described Is shown in Figs. 12 to 14. The 
hybrid drive system is shown to include a front case 76. 
a mid case 77 and a rear case 78. which form a casing 
79 altogether The front case 76 is so constructed that it 
is to be connected to the engine and that a partition 81 
having a through hole aligned with the axis of the output 
shaft 80 of the engine is formed therein. On the open 
end on the side opposed to the engine across the parti- 
tion 81 . there is mounted a cover 82. Between this cover 
82 and the partition 81 . there is formed a motor cham- 
ber 83, in which a motor/generator 84 is housed. 
[0086] In the cover 82. as in the partition 81 . there is 
formed a through whole which is aligned with the output 
shaft 80 so that a rotor 86 is rotatably retained by a 
bearing 85 which is fitted in the inner circunrrferences of 
the partition 81 and the cover 82. The rotor 86 is con- 
structed by mounting a permanent magnet on the outer . 
circumference of the flange portion which is protruded 
radially outward from a boss portion supported by the 
bearing 85. At a position radially confronting the perma- 
nent magnet, there is arranged a stator 87. This stator 
87 is fixed on the inner circumference of the front case 
76. Between the boss portion of the rotor 86 and the 
inner wall face of the cover 82. on the other hand, there 
is arranged a resolver 88. Here, the bearing 85 is pref- 
erably exemplified by one having a seal member for 
retaining the liquid-tightness of the motor chamber 83. 
[0087] Around this motor chamber 83, there is 
formed a hollow portion 89 having a liquid-tight struc- 
ture, which is fed with cooling water to cool the 
motor/generator 84. In other words, this hollow portion 
89 provides a water jacket. 

[0088] The rotor 86 is made hollow at its boss por- 
tion to receive an input shaft 90 rotatably This input 
shaft 90 is protruded through the partition 81 toward the 
engine and is connected at its protruded end to the out- 
put shaft 80 of the engine through a drive plate 91 . Spe- 
cifically, this drive plate 91 is one having a high inertial 
moment by increasing the mass on its outer circumfer- 
ential side and is mounted on the output shaft 80 of the 



engine. Moreover, the drive plate 91 is equipped with a 
damper mechanism 92 having an elastic member such 
as a coil spring arranged in the rotating direction, and 
the kx)ss portion of the damper mechanism 92 is inte- 
5 grally fitted on the leading end portion of the input shaft 
90. 

[0089] At an axially intermediate portion of the mid 
case 77 connected to the front case 76. there is formed 
a partition 93 which has a through hole aligned with the 
10 input shaft 90. In the hollow portion formed between the 
partition 93 and the cover 82. there are housed a plane- 
tary gear mechanism 94, the brake B1 and the two 
clutches CI and C2. 

[0090] This planetary gear mechanism 94 is exem- 
15 plified by the aforementioned double pinion type plane- 
tary gear mechanism which is arranged adjacent to the 
cover 82. The planetary gear mechanism 94 has a sun 
gear 95 integrated with the input shaft 90. On the other 
hand, the boss portion of the rotor 86 is extended along 
the outer circumference of the input shaft 90 toward the 
planetary gear mechanism 94 so that a carrier 96 is 
splined on the outer circumference of the extended 
leading end of the boss portion (i.e.. the hollow shaft). 
On the lace of the carrier 96 on the side of the cover 82. 
there is mounted a guide plate 97 for guiding the lubri- 
cating oil, as might othenwise be radially splashed, 
toward the pinion gear. 

[0091 ] A ring gear 98 is a cylindrical member, and a 
retainer 99 for supporting the ring gear 98 axially and 
radially is connected to the inner circumference of one 
axial end portion of the ring gear 98. The retainer 99 is 
an-anged between the can-ier 96 and the cover 82 and is 
positioned not only axially by a thrust bearing arranged 
between those can-ier 96 and cover 82 but also radially 
by fitting it rotatably in the boss portion of the carrier 96. 
[0092] On the outer circumference of the ring gear 
98. there is integrally fixed a brake hub 100 having a 
cylindrical shape. A plurality of friction discs, as splined 
on the brake hub 100, and a plurality of friction discs, as 
splined on the inner circumference of the mid case 77, 
are alternately arranged in the axial direction to con- 
struct the brake B1. 

[0093] In the intersecting portion between the parti- 
tion 93 and the inner circumference of the mid case 77, 
there is formed a hollow portion which is opened toward 
the brake B1 and in which a piston 101 is so arranged 
as to move back and forth in the axial directions. The 
leading end portion of tiie piston 101 is extended to tiie 
vidn'rty of the brake B1 so that the piston 101 is moved 
rightward of Fig. 12 to push the friction discs thereby to 
apply tiie brake B1 by feeding the oil pressure to the 
back side of the piston 101. 

[0094] In the inner circumference of the piston 101. 
tiiere is an^anged a clutch drum 102 for the second 
clutch C2. This dutch drum 102 is a hollow member havr 
ing a bottomed cylindrical shape and a sid wail portion 
ak>ng the partition 93. The clutch drum 102 is rotatably 
retained by tiie boss portion of ttie partition 93. In tiie 
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inner circumference of the cylindrical portion of the 
clutch drum 102, there are splined the leading end of 
the brake hub 100 and a plurality of friction discs. 
Between these friction discs, there are alternately 
arranged other friction discs. These other friction discs 
are splined on the outer circumference of a clutch drum 
103 for the first clutch CI. as arranged in the inner cir- 
cumference of the clutch drum 1 02, thereby to construct 
the second clutch C2. 

[0095] A piston 104 for pushing those friction discs 
to apply the second dutch C2 is so fitted in the inner cir- 
cumference of the clutch drum 1 02 as to move back and 
forth in the axial directions. The t^ack side of the piston 
104, i.e., the inside of the clutch drum 102 is fed with the 
oil pressure by way of an oil passage formed in the par- 
tition 93. On the front side (on the righthand side of Fig. 
12) of . the piston 104, there is arranged a return spring 
1 05 which is retained by a retainer. 
[0096] In and through the inner circumference of 
the partition 93, there is rotatably retained an output 
shaft 106. the rear end portion (as located at the right- 
hand side of Fig. 12), which is rotatably fitted on the 
leading end portion of the input shaft 90. At the end por- 
tion of the output shaft 106 on the side of the input shaft 
90. there is formed a radially protruded flange portion, 
to which the clutch drum 103 is integrally connected. As 
a result, the ring gear 98 and the output shaft 106 are 
selectively coupled by the second clutch C2. 
[0097] The clutch drum 103 is provided for the first 
dutch CI . On the inner circumference of the clutch drum 
103, there are splined a plurality of friction discs. Alter- 
nately of these friction discs, there are axially arranged 
friction discs which are splined on the outer circumfer- 
ence of a clutch hub 107 integrated witii tiie carrier 96. 
In short, these friction discs construct the first clutch CI . 
A piston 108 for applying the first clutch CI is retained 
by the radially extending flange portion of the output 
shaft 106. The oil pressure for actuating tiie piston 108 
is fed to the back side of the piston 108 from the parti- 
tion 93 through the inside of the output shaft 106. A 
return spring 109 tor returning the piston 108 is 
arranged on the front face of the piston 108. 
[0098] In the hybrid drive system thus far described, 
the torque to be generated by the motor/generator 84 is 
raised by arranging the rotor 86 and the stator 87 on the 
radially outer side as far as possible, as shown in Fig. 
12. By inserting a portion of the planetary gear mecha- 
nism 94 into the space formed on the inner circumferen- 
tial side of the stator 87, on the other hand, the space is 
effectively utilized to shorten tiie axial size. 
[0099] In the hollow portion between the rear case 
78 connected to the mid case 77 and the partition 93. 
there is arranged a transmission 110. This transmission 

1 10 is exenplified by the aforementioned belt type con- 
tinuously variable transmission in which a drive pulley 

1 1 1 is arranged in alignment with the output shaft 106. 
This drive pulley 111 is composed of a stationary 
sheave 112 and a movable sheave 113 which are 



tapered at their confronting wall feces to form a groove 
portion for clamping a belt 114. The stationary sheave 
1 12 is equipped with a hollow stem portion and is rotat- 
ably supported by the partition 93 through a bearing 1 1 5 

5 fitted on tiie outer circumference of one end portion of 
the stem portion. The leading end portion of the output 
shaft 106 is inserted into and splined in tiiat hollow por- 
tion. The other end portion of the stationary sheave 1 12 
is rotatably retained by a bearing 1 16 which is mounted 

10 in the inner circumferential portion of the rear case 78. 
The movable sheave 113 is so fitted on the outer cir- 
cumference of the hollow stem portion of the stationary 
sheave 1 12 as to slide in the axial directions. This mov- 
able sheave 1 1 3 is constructed to be moved toward the 

75 stationary sheave 1 1 2 by a double piston type hydraulic 
servo mechanism 117. 

[0100] In parallel witii the drive pulley 111, there is 
provided a driven pulley 118. This driven pulley 118 is 
composed, like the drive pulley 111, of a stationary 

20 sheave 1 1 9 and a movable sheave 1 20. The belt 1 1 4 is 
wonded in the groove portion which is defined between 
tiiose individual sheaves 119 and 120. The stationary 
sheave 1 19 is equipped with a hollow stem portion, one 
end portion (the lefttiand side end portion of Fig. 13) of 

25 which is rotatably retained by the rear case 78 through 
a bearing 121 and tiie otiier end portion of which is 
rotatably retained by tiie partition 93 through a bearing 
122. The movable sheave 120 is so fitted on tiie outer 
circumference of the hollow stem of the stationary 

30 sheave 1 1 9 as to move in the axial directions. Between 
the movable sheave 120 and the hollow stem portion of 
the stationary sheave 1 19, there is interposed a ball 
spline 123 for moving the movable sheave 120 smootiily 
in the axial directions and for rotating the same inte- 

35 grally with tiie stationary sheave 11 9. On tiie back side 
(on the righthand skle of Fig. 13) of the movable sheave 
120. tiiere is disposed a hydraulic servo mechanism 
1 24 for pushing the movable sheave 1 20 toward tiie sta- 
tionary sheave 119. 

40 [0101] The gear ratio of tiie transmission 110 is 
controlled by feeding the Individual oil pressure servo 
mechanisms 117 and 124 with the oil pressure, and this 
control is substantially similar to that by the belt type 
continuously variable transmission of the prior art. Spe- 

45 df ically. tiie hydraulic servo mechanism 1 24 on the side 
of the driven pulley 118 is fed with the oil pressure 
according to a demanded torque, and the hydraulic 
servo mechanism 117 on the side of the drive pulley 
111 is fed with the oil pressure for setting a demanded 

so gear ratio. While a predetermined tension is being 
applied to the belt 1 1 4 by tiie oil pressure on tiie side of 
the driven pulley 1 18. more specifically, tiie oil pressure 
on the side of the drive pulley 1 1 1 is raised to reduce the 
groove width of the drive pulley 1 1 1 so that tiie winding 

55 radius of tiie belt 1 14 is enlarged to lower the gear ratio. 
When the oil pressure on tiie side of the drive pulley 111 
is lowered, on the contrary, the groove width of the drive 
pulley 1 1 1 is enlarged by the tension applied to the t>elt 
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114 so that the winding radius of the belt 1 1 4 is reduced 
to raise the gear ratio. 

[0102] in the output shaft 106 and the stationary 
sheave 1 12, there is arranged a pump shaft 125 which 
extends through and along the center axis. The pump s 
shaft 125 is splined at its one end portion in the input 
shaft 90. On the leading end portion of the pump shaft 
125. there is mounted a chain sprocket 126. This chain 
sprocket 126 transmits the driving force to the not- 
shown oil pump. This chain sprocket 126 and the not- io 
shown chain are covered with an end cover 127. On the 
other hand, numeral 128 in Fig. 13 designates a parking 
gear which is splined on the stationary sheave 119 of 
the driven pulley 118. 

[0103] The front case 76 and the mid case 77 are is 
provided with radially protruded portions housing a 
counter shaft 129 and a differential 130. The counter 
shaft 129 is a relatively short rotary shaft which is rotat- 
ably retained at its both end portions by bearings 131 
and which is connected to the stem portion of the sta- 20 
tionary sheave 1 19 of the driven pulley 1 1 8 by a pair of 
counter gears 132. At this counter shaft 129, there is 
integrally formed another gear 1 33 which meshes with a 
ring gear 134 (or an output gear) in the differential 130. 
Here, numeral 135 in Fig. 12 designates a seal member 25 
which seals up tiie partition 81 and the input shaft 90 liq- 
uid-tight in tiie front case 76. 

[0104] With the construction shown in Figs. 12 to 
14. the motory^enerator 84 having the large external 
diameter is arranged adjacent to the drive plate 91 . and 30 
the brake B1 and the dutches Cl and C2 are ananged 
on the side of the continuously variable transmission 
1 10. As a result, tiie members having the similar sizes 
of the external diameter are anranged adjacent to each 
other so that the system can be made wholly compact. 3S 
[0105] Here will be described still another example 
of the invention. Ttie example shown in Fig. 15 is modi- 
fied in the arrangement and the coupling relation from 
the construction shown in Ftg. 7. Specifically, the engine 
1 is always connected to the carrier 65 whereas the 40 
motor/generator 6 is always coupled to the sun gear 61 . 
Since the coupling relations to the engine 1 and the 
motor/generator 6 are thus modified from those of the 
construction shown in Fig. 7, the first clutch C1 is so 
arranged as to couple the output shaft 67 and the sun 45 
gear 61 selectively. On the other hand, the motor/gener- 
ator 6 is arranged on the side opposed to the individual 
clutches CI and C2 across the transmission 68. As a 
result, the shaft for connecting the motor/generator 6 
and the sun gear 61 is extended through and along the so 
center axis of the drive pulley 69. 
[01 06] This hybrid drive system having construction 
shown in Fig. 15 can establish running nxxdes (or drive 
modes) similar to those of tiie hybrid drive system 
shown in Fig. 7. In the engine start mode shown in Fig. 55 
16, specifically, the second clutch 02 and tiie brake B1 
are applied. Witii the ring gear 62 being fixed, tiierefbre. 
the sun gear 61 is rotated by the nrK>tor/generator 6 so 



fliat the carrier 65 rotates in the opposite direction to the 
sun gear 61. This state is shown as a nomographic 
chart in Fig, 17, in which the carrier 65 and the engine 1 
connected to the former are rotated forward by rotating 
tiie motor/generator 6 backward. In ttiis state, therefore, 
the engine 1 can be started by feeding it with the fuel 
and by igniting it, if necessary. 

[01 07] The ETC mode for tiie fonnard run is set by 
applying the second dutch 02 exdusively. This setting 
is made, as in the example shown in Fig. 7, by coupling 
tiie rotary element, which is urrcoupled from the engine 
1 and tiie motor/generator 6, to tiie output shaft 67. In 
tills state, tiie motor/generator 6 and tiie engine 1 are 
coupled to the sun gear 61 and the carrier 65. which act 
as reaction elements against each other when the ring 
gear 62 coupled to tiie output shaft 67 is fixed. By acti- 
vating the engine 1 in the most efficient state and by 
controlling the output of tiie motor/generator 6 in that 
state, therefore, tiie rotations of tiie ring gear 62 and the 
output shaft 67 coupled to the former are stopped, and 
tiie output shaft 67 generates the torque which is ampli- 
fied from the output torque of the engine 1 . so that the 
planetary gear mechanism 60 functions like the torque 
converter. A nomographic chart in this mode is illus- 
trated in Fig. 18. 

[01 08] The motor drive mode is set by applying the 
first clutch 01. In otiier words, the motor/generator 6 is 
coupled tiirough the sun gear 61 to the output shaft 67. 
As a result the vehicle is run by tiie nustive power of the 
motor/generator 6. If tiie second clutch 02 is applied in 
tiiis case, the planetary gear mechanis;m 60 rotates 
integrally as a whole so tiiat tiie engine 1 connected to 
tiie earner 65 rotates fonward. In the motor drive mode, 
tiierefore. tiie engine 1 can be started. 
[0109] In the drive mode by the engine 1 and the 
motor/generator 6 (i e.. the Eng. + motor mode), the 
entirety of the planetary gear mechanism 60 is inte- 
grated to couple tiie engine 1 and tiie motor/generator 6 
directiy to tiie output shaft 67. This mode Is set by apply- 
ing the first clutch 01 and the second dutch 02 and is 
similar to the engine/hiotor mode in the apparatus 
shown in f=lg. 7. 

[0110] At reverse run times, the vehicle is run by 
eitiier or boVn tiie engine 1 and tiie motor/generator 6. In 
the case of a reverse run with the motive power of the 
engine 1 . specifically, the first dutch 01 and the brake 
B1 are applied to fix the ring gear 62 and to couple tiie 
sun gear 61 to the output shaft 67, and tiie carrier 65 is 
rotated forward in this state by the engine 1 . As a result, 
as shown in a nomographic chart of Fig. 19, the sun 
gear 61 and the output shaft 67 coupled to the former 
rotate backward to effect the reverse run. 
[0111] In the case of a reverse run by the 
motor/generator 6. on the otiier hand, tiie first dutch 01 
is applied because it is sufficient to couple the 
motor/generator 6 directly to tiie output shaft 67. In this 
case, moreover, tiie second dutch 02 may be addition- 
ally applied to prevent the relative rotations between the 
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rotary elements m the planetary gear mechanism 60. 
This operation is similar to that of the system shown in 
Fig. 7. 

[01 1 2] In the case of a re/erse run with the motive 
powers of both the engine 1 and the motor/generator 6. 
the first clutch CI and the brake B1 are applied. This 
operation is similar to that of the engine mode for the 
reverse run. With the ring gear 62 being fixed, the car- 
rier 65 is rotated by the engine 1 so that the sun gear 61 
and the output shaft 67 coupled to the former rotate 
backward to establish the reverse run. In this case, the 
motor/generator 6 is rotated backward to apply a t)ack- 
ward torque to the sun gear 61 so that the reverse run 
can be effected by the motive powers of the engine 1 
and the motor/generator 6. 

[0113] With the hybrid drive system thus con- 
structed as shown in Fig. 15, too, the reverse run can be 
effected by the motive power of the engine 1. Even 
when the charge of the (not-shown) battery is k>w, 
therefore, the driving force for the reverse run will not 
become short. Since the so-called "ETC mode" can be 
established, moreover, the oulput torque of the engine 1 
can be amplified by the motor/generator 6 and oulput- 
ted from the output shaft 67. As a result, a driving torque 
necessary and sufficient for the start can be established 
while keeping the engine 1 in the optimum running 
state. Especially in the construction shown in Fig. 15. 
still moreover, the motor/generator 6 can be arranged at 
one axial end portion so that it can be easily cooled 
down. 

[0114] In this construction shown in Fig. . 15. as 
understood from the foregoing description, the carrier 
65 always rotates forward. By making use of this, the 
construction may have a built-in oil pump Op, as exem- 
plified in Fig. 20. This construction shown in Fig. 20 is 
improved over the construction shown in Fig. 15 such 
that the oil pump Op is connected to the carrier 65, such 
that a clutch CO is arranged between the carrier 65 and 
the engine 1, and such that a one-way clutch F1 is 
arranged in parallel with the brake B1. The remaining 
construction is Identical to that shown in Rg. 15. 
[0115] With this construction, even In any drive 
mode for the forward and reverse runs, the oil pump Op 
can be normally driven to generate the necessary oil 
pressure by the forward rotations of the carrier 65. 
[0116] Although the foregoing individual examples 
are constructed to change the output elements, the 
invention can be additionally constructed to modify the 
elements for inputting the nrtotive power of the 
motor/generator 6, as exemplified in Fig. 21 . This exam- 
ple shown in Fig. 21 is improved over the construction 
shown in Fig. 7 such that the first input dutch C1 is 
arranged between the motor/generator 6 and the ring 
gear 62. such that the second input clutch C2 is 
arranged between the motor/generator 6 and the carrier 
65, such that a first output dutch C3 corresponding to 
the first dutch shown in Fig. 7 is arranged between the 
carrier 65 and the output shaft 67, and such that a sec- 



28 

ond output dutch 04 corresponding to the second dutch 
shown in Fig. 7 is arranged between the ring gear 62 
and the output shaft 67. Moreover, the brake shown in 
Rg. 7 is replaced by the one-way clutch F1 which is 

5 arranged between the ring gear 62 and the casing 66. 
[0117] Here will be described the actions, i.e.. the 
individual drive modes of the hybrid drive system shown 
in Fig. 21. According to this hybrid drive system, it is 
possible to set the seven modes, as enumerated in Rg. 

10 22. An engine start mode will be described first of all. In 
this mode, the second input dutch C2 is applied. Specif- 
ically, the motor/generator 6 is coupled to the carrier 65. 
A nomographic chart in this state is illustrated in Fig. 23. 
When the carrier 65 is rotated backward by the 

15 motor/generator 6. the load of the engine 1 is applied to 
the sun gear 61 so that the ring gear 62 will rotate back- 
ward. Since the one-way clutch F1 , as coupled to the 
ring gear 62, is applied when the backward torque is 
applied to the rotational side member (e.g., the inner 

20 race), the ring gear 62 is fixed by the backward rotation 
of the motor/generator 6 so that the sun gear 61 and the 
engine 1 coupled to the former rotate forward. In this 
state, therefore, the engine 1 can be started by feeding 
It with the fuel or by igniting it, if necessary. Here in this 

25 engine start mode, the second output clutch 04 may be 
applied to stop the rotation of the output shaft 67. 
[01 1 81 On the other hand, the ETC mode for the for- 
ward run is set by applying the second input clutch C2 
and the second output clutch C4. Specifically, the 

30 motor/generator 6 is coupled to the carrier 65, and the 
output shaft 67 is applied to the ring gear 62. This 
establishes the same coupling state and power 
input/output state as those in the ETC mode at the for- 
ward run with the hybrid drive system shown in Rg. 7. 

35 As apparent from a nomographic chart illustrated in Rg. 
24, therefore, the torque outputted from the engine 1 
can be amplified by the motor/generator 6 and output- 
ted to the output shaft 67, and the rotation of the output 
shaft 67 can be stopped while leaving the engine 1 

40 rotating. 

[0119] On the other hand, the motor drive mode is 
set by applying the second input dutch C2 and the first 
output clutch 03. By coupling tiie motor/generator 6 to 
the carrier 65 and by coupling the output shaft 67 to the 

45 carrier 65, specifically, the motor/generator 6 and the 
output shaft 67 are directly coupled through the earner 
65. As a result, the vehicle can run fbnA^ard with the 
motive power of the motor/generator 6. 
[0120] In the engine/motor mode, any three of the 

so aforementioned four clutches are applied. As shown in 
Fig. 22, for exanple. the individual input clutches 01 
and 02 and the first oulput dutch 03 are applied. As a 
result, the motor/generator 6 is coupled to the planetary 
gear mechanism 60. and the planetary gear mechanism 

55 60 is integrated as a whole to couple its carrier 65 to the 
output shaft 67. As a result, the motive powers of the 
engine 1 and the motor/generator 6 are transmitted 
through the planetary gear mechanism 60 to the output 
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shaft 67 so that the forward run can be made by the 
motive power of the engine 1 and the motive power of 
the motor/generator 6. 

[0121] As the modes for the reverse run, there can 
be achieved the engine mode and the motor mode. In 
the engine mode, the first input clutch CI and the first 
output clutch C3 are applied. Specifically; the 
motor/generator 6 is coupled to the ring gear 62. and 
the output shaft 67 is coupled to the can-ier 65. A nom- 
ographic chart in this state is illustrated in Fig. 25. When 
the engine 1 is activated to transmit the forward torque 
to the sun gear 62. a fon^vard torque is established at the 
ring gear 62 because the load from the output shaft 67 
is applied to the carrier 65. When an overcoming torque 
is applied to the ring gear 62 by the motor/generator 6, 
the revolution speed of the ring gear 62 is suppressed 
so that the earner 65 and the output shaft 67 coupled to 
the former are accordingly rotated backward. Here, the 
ring gear 62 is coupled to the one-way clutch F1 so that 
its forward rotation can be lowered so far as it is stopped 
by the one-way dutch F1. In this engine mode for the 
reverse run, more specifically, the reverse running state 
is set by the motor/generator 6, and its driving torque is 
controlled by the motor/generator 6. 
[01 22] In the motor mode for the reverse run. on the 
other hand, the motor/generator 6 Is dlrecdy coupled to 
the output shaft 67, As in the motor mode for the fonward 
run. therefore, the second input clutch C2 and the first 
output clutch C3 are applied. Since the motor/generator 
6 and the output shaft 67 are directly coupled in this 
state, the output shaft 67 is rotated backward to effect 
the reverse run by rotating the motor/generator 6 back- 
ward. 

[01 23] Here, the aforementioned example shown in 
Fig. 21 is modified from the construction shown in Fig. 7 
such that the clutch mechanisms are additionally inter- 
posed between the carder 65 and the motor/generator 6 
and between the ring gear 62 and the motor/generator 
6. and such that the brake is replaced by the one-way 
clutch. Similar modifications can also be made on the 
construction shown In Rg. 15. Specifically, what Is pro- 
vided is the means for uncoupling the motor/generator 6 
from the planetary gear mechanism 60. When the vehi- 
cle is run with the motive power of the engine 1 while 
demanding no power generation, the motor/generator 6 
can k>e uncoupled to prevent the power loss. 
[0124] Here will be described an example in which 
the single pinion type planetary gear mechanism is 
employed in place of the foregoing double pinion type 
planetary gear mechanism. As shown in Fig. 26, this 
example employs a single pinion type planetary gear 
mechanism 140 for transmitting the motive powers of 
the engine 1 and the motor/generator 6 individually or 
synthetically to the output shaft 67. This single pinion 
type planetary gear mechanism 140 comprises rotary 
elements: a sun gear 141 acting as an external gear; a 
ring gear 142 acting as an internal gear arranged con- 
centrically with the sun gear 141; and a carrier 144 



retaining a pinion gear 143 meshing with those sun gear 
141 and ring gear 142 rotatably and revolvably. 
[0125] To the sun gear 141. there are coupled the 
motor/generator 6 and the output shaft 67 through the 

5 first clutch CI . To the ring gear 142. on the other hand, 
there is connected the engine 1. There is further pro- 
vided the brake B1 for fixing the carrier 144 selectively 
Between this carrier 144 and the output shaft 67, there 
is interposed the second clutch C2. In short, this con- 

10 struction shown in Fig, 26 is modified from the foregoing 
construction shown in Fig. 15 such that the double pin- 
ion type planetary gear mechanism is replaced by the 
single pinion type planetary gear mechanism so that the 
coupling relations of the power units and the frictfonal 

15 engagement devices to the carrier and the ring gear are 
accordingly changed. 

[0126] In the hybrid drive system having the con- 
struction shown in Rg. 26. therefore, it is possible to set 
drive modes similar to those of the system having the 
20 construction shown in Fig. 15, Moreover, the 
applied/released states of the clutches CI and C2 and 
the brake B1 in the individual modes are identical to 
those of the system shown in Rg. 15. An 
applied/released state table for setting the individual 
25 drive modes is presented in Rg. 27. Here in Fig. 27. the 
second clutch C2 is released in the motor modes for the 
fonward run and for the reverse run. Since the planetary 
gear mechanism 140 is integrated as a whole in the 
motor modes, however, the second clutch C2 may be 
applied as in the case of the system shown in Rg. 15. 
[0127] Here will be described the individual drive 
modes. In the engine start mode, the second clutch C2 
and the brake B1 are applied. With the earner 144 being 
fixed, therefore, the sun gear 141 is rotated by the 
motor/generator 6 so that the ring gear 142 rotates h 
the opposite direction to the sun gear 141. This state is 
illustrated by a nomographic chart in Fig. 28. By rotating 
the motor/generator 6 backward, the ring gear 142 and 
the engine 1 coupled to the former rotate fonward. In this 
state, therefore, the engine 1 can be started by feeding 
it with the fuel or by igniting it, if necessary. 
[0128] The ETC mode for the fonward run is set by 
applying the second clutch C2 exclusively. Specifically, 
the rotary element, as uncoupled from the engine 1 or 
the motor/generator 6, is coupled to the output shaft 67. 
In this state, the motor/generator 6 and the engine 1 are 
coupled to the sun gear 141 and the ring gear 142 
which act as reaction elements against each other when 
the earner 1 44 coupled to the output shaft 67 is fixed. By 
activating the engine 1 in the most efficient state, for 
example, to control the output of the motor/generator 6 
in this state, the rotations of the carrier 144 and the out- 
put shaft 67 coupled to the former are stopped, and the 
torque, as amplified from the output torque of the engine 
1 . is established at the output shaft 67. so that the plan- 
etary gear mechanism 140 functions like the torque 
converter. A nomographic chart in this mode Is illus- 
trated in Fig. 29. The motor drive mode is set by apply- 
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ing the first clutch CI. In other words, the 
motor/generator 6 is coupled to the output shaft 67. As 
a result, the vehicle can be run with the motive power of 
the motor/generator 6. 

[0129] In the drive mode by the engine 1 and the s 
motor/generator 6 (i.e.. the Eng. + motor mode), the 
planetary gear mechanism 140 is integrated as a whole 
to couple the engine 1 and the motor/generator 6 
directly to the output shaft 67. This mode is set by apply- 
ing the first clutch CI and the second clutch C2. This io 
operation is similar to the engine/motor mode in the sys- 
tem shown in Fig. 7 or 15. 

[01 30] The reverse runs can be effected by either or 
both the engine 1 and the motor/generator 6. For the 
reverse run with the motive power of the engine 1 , the is 
first clutch C1 and the brake B1 are applied to rotate the 
ring gear 142 forward by the engine 1 with the carrier 
144 being fixed and the sun gear 141 being coupled to 
the output shaft 67. As a result, the sun gear 141 and 
the output shaft 67 coupled to the former rotate back- 20 
ward, as illustrated by a nomographic chart in Fig. 30, to 
effect the reverse run. 

[01 31 ] For the reverse run with the motor/generator 
6, on the other hand, the first clutch CI is applied 
because it is sufficient to couple the motor/generator 6 2S 
directly to the output shaft 67. In this case, moreover, 
the second clutch C2 may be additionally applied to pre- 
vent the relative rotations between the rotary elements 
in the planetary gear mechanism 140. 
[01 32] For the reverse run with the motive powers of 30 
both the engine 1 and the motor/generator 6. the first 
clutch CI and the brake B1 are applied. This operation 
is similar to that of the engine mode at the reverse run- 
ning time. With the carrier 144 being fixed, the ring gear 
142 is rotated by the engine 1 so that the sun gear 141 35 
and the output shaft 67 coupled to the former rotate 
backward to establish the reverse run. In this case, the 
reverse run can k)e effected by the motive powers of the 
engine 1 and the motor/generator 6 by rotating the 
motor/generator 6 backward to apply the k>ackward 40 
torque to the sun gear 141. 

[0133] With the hybrid drive system thus con- 
structed as shown in Fig. 26, too, the reverse run can be 
effected by the motive power of the engine 1. Even 
when the state of charge of the (not-shown) battery is 45 
low, therefore, the driving force for the reverse run will 
not become short Since the so-called "ETC mode** can 
be established, moreover, the output torque of the 
engine 1 can be amplified by the motor/generator 6 and 
outputted from the output shaft 67. As a result, a driving so 
torque necessary and sufficient for the start can be 
established while keeping the engine 1 in the optimum 
running state. 

[0134] A construction, in which the oil pump Op is 
added to the construction shown in Fig. 26. is shown in ss 
Fig. 31. The clutch CO is ananged between the ring 
gear 142 and the engine 1 . and the oil pump Op is con- 
nected to the output shaft of the engine 1. In parallel 



with the brake B1 , moreover, there is arranged the one- 
way clutch F1. The remaining construction is similar to 
that shown in Fig. 26. 

[0135] Here in the example shown in Fig. 26. the 
motor/generator 6 is arranged at the axially central por- 
tion, and the planetary gear mechanism 60 and the 
dutches CI and C2 are arranged on the two sides of the 
motor/generator 6. This construction may be modified 
such that the motor/generator 6 is arranged adjacent to 
the transmission 68 so that the clutches CI and C2 are 
arranged closer to the engine 1 than the planetary gear 
mechanism 60. 

[0136] The individual specific examples thus far 
described are so constructed that the reverse run can 
be made with the motive power of the engine 1 by 
changing the rotary elements to be coupled to the out- 
put shaft 67 by the clutches. However, the reverse run 
by the engine 1 can also be effected by changing how to 
input the motive power to the planetary gear mecha- 
nism, as will be exemplified in the fofiowing. 
[0137] Fig. 32 shows an example employing the 
Ravignaux type planetary gear mechanism 150. This 
Ravignaux type planetary gear mechanism 150 is the 
well-known one comprising: a first sun gear 151 which 
is an external gear; a ring gear 152 which is an internal 
gear arranged concentrically with the first sun gear 151 : 
a carrier 155 retaining rotatabiy and revolvabty a short 
pinion gear 153. as anranged between those sun gear 
151 and ring gear 152 and meshing with the first sun 
gear 151, and a long pinion gear 154 meshing with the 
short pinion gear 153 and the ring gear 152; and a sec- 
ond sun gear 156 meshing with the long pinion gear 
154. The motor/generator 6 is coupled to the second 
sun gear 156. and there are provided the first clutch CI 
for coupling the engine 1 selectively to the first sun gear 
151 and the second clutch C2 for coupling the engine 1 
selectively to the second sun gear 156. Between the 
carrier 155 and the casing 66. there is interposed the 
brake B1, by which the carrier 155 is selectively fixed. 
Moreover, the output shaft 67 is coupled to the ring gear 
152. 

[01 38] Between the driven pulley 70 and the casing 
66, on the other hand, there are serially arrayed the 
one- way clutch F1 and a second brake B2. This one- 
way clutch F1 is applied when the member (e.g.. the 
inner race) coupled to the driven pulley 70 rotates with 
the driven pulley 70 in the reverse running direction (or 
the opposite direction) with respect to the member (e.g., 
the outer race) on the side of the second brake B2. By 
applying the second brake B2. therefore, the driven pul- 
ley 70. the drive pulley 69 and the output shaft 67 are 
prevented from rotating in the reverse running direction. 
Since the remaining construction is similar to that 
shown in Fig. 7. its description will be omitted by giving 
the same reference numerals to Fig. 32 as those of Fig. 
7. 

[0139] In this hybrid drive system having the con- 
struction shown in Fig. 32. too, it is possible to effect the 
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individual running modes (or drive modes) tabulated in 
Fig. 33, as will be described in the following. 
[0140] In the engine start mode, the first clutch CI 
is applied to couple the engine 1 to the first sun gear 
151. and the second brake B2 is applied to prevent the 
backward rotation of the output shaft 67, i.e.. the ring 
gear 152. A nomographic chart of this state is illustrated 
in Fig. 34. in the following nomographic charts: p 1 des- 
ignates the ratio in the tooth number between the first 
sun gear and the ring gear; p 2 the ratio in the tooth 
number between the second sun gear and the ring 
gear; SI the first sun gear; and S2 the second sun gear. 
When the motor/generator 6 is rotated backward, the 
second sun gear 156 is rotated backward with the ring 
gear 152 being fixed, so that the first sun gear 151 
rotates in the opposite direction to the second sun gear 
156. In other words, the engine 1 , as coupled to the first 
sun gear 151. is rotated forward by the motor/generator 
6 so that the engine 1 can be started by feeing it with the 
fuel or by igniting it. If necessary. 
[0141] At the time of the fonvard run, it is possible to 
establish the ETC mode in which the planetary gear 
mechanism 150 is caused to function like the torque 
converter. In this mode, only the first clutch CI is 
applied to couple the engine 1 to the first sun gear 151 . 
In this state, when the output shaft 67 and the ring gear 
152 acting as the output element coupled to the former 
are fixed, the engine 1 and the motor/generator 6 are 
coupled to the first sun gear 151 and the second sun 
gear 156 or the rotary elements which rotate oppositely 
each other. A nomographic chart of this case is illus- 
trated in Fig. 35. When the motor/generator 6 is acti- 
vated backward to rotate the second sun gear 156 
backward while the motive power of the engine 1 Is 
being transmitted to the first sun gear 151 by activating 
the engine 1 in the most efficient state, the rotations of 
the ring gear 1 52 and the output shaft 67 integrated with 
the former are stopped according to the revolution 
speed of the motor/generator 6. This state is indicated 
by a solid line in Fig. 35. 

[0142] As the output torque of the motor/generator 
6 In the forward direction is raised from this state, the 
revolution speed (in the forward direction) of the second 
sun gear 156 is accordingly increased (that is. the revo- 
lution speed in the opposite direction is gradually low- 
ered) so that the forward revolution speeds of the ring 
gear 152 and the output shaft 67 coupled to the former 
gradually rise. Since the revolution speed of the output 
torque is smaller than that of the engine 1, the output 
torque is amplified from the output torque of the engine 
1 by the motor/generator 6. Thus, in the hybrid drive 
system having the construction shown in Fig. 32. too, 
the planetary gear mechanism 150 can function as the 
torque converter. 

[0143] The motor mode for the fonward rim is set by 
applying the first brake B1 to fix the carrier 155. In this 
state, the second sun gear 156 and the ring gear 152 
are In the relation to rotate oppositely each other, so that 



the ring gear 1 52 and the output shaft 67 coupled to the 
former rotate fonvard when the motor/generator 6 is rot- 
ted backward. In other words, the fbnfvard run can be 
effected by rotating the output shaft 67 with the motive 

5 power of the motor/generator 6. In this case, moreover, 
the driven pulley 70 rotates in the fonward running direc- 
tion so that the one-way clutch F 1 is not applied, and the 
second brake B2 may be left applied. 
[0144] In the engine/motor mode, the motive power 

10 of the engine 1 and the motive power of the motor/gen- 
erator 6 are transmitted to the output shaft 67. In this 
state, therefore, the first clutch Cl and the second 
clutch C2 are applied. The first sun gear 151 and the 
second sun gear 156 or the two rotary elements are 

15 coupled through the clutches CI and C2 so that the 
planetary gear mechanism 1 50 is Integrated as a whole. 
As a result, tiie motive power of the engine 1 and the 
motive power of the motor/generator 6 are outputted as 
they are from the ring gear 1 52 to the output shaft 67. 

20 [0145] For the reverse runs, there can be achieved 
three modes, of which the engine mode will be 
described first of all. In the case of the reverse run by 
the motive power of the engine 1 . the second clutch C2 
is applied to couple the engine 1 to the second sun gear 

25 1 56. and the brake 81 is applied to fix the canrier 1 55. A 
nomographic chart of this state is Illustrated in Fig. 36. 
The engine 1 and the output shaft 67 are coupled 
through the single pinion type planetary gear mecha- 
nism. With the canier 155 being fixed, therefore, the 

30 second sun gear 156 is rotated by the engine 1 so that 
the ring gear 1 52 and the output shaft 67 coupled to the 
former rotate backward to effect the reverse run. In this 
case, as shown in Fig. 36, the ring gear 152 rotates 
backward so that the one-way clutch F1 coupled to the 

35 driven pulley 70 is applied. Since the second brake 82 
in series with the one-way clutch F1 is released, how- 
ever, the system is kept away from locking. 
[01 46] The motor mode for the reverse run is set by 
applying the first brake 81 exclusively. Specifically, the 

40 planetary gear mechanism 1 50 is caused to function as 
the single pinion type planetary gear mechanism by the 
second sun gear 156, the long pinion gear 154 meshing 
with the former, the carrier 155 and the ring gear 152. 
Since the carrier 1 55 is fixed by the brake 81 , when the 

45 motor/generator 6 is rotated fonward. the second sun 
gear 156 coupled thereto rotates forward so that the 
ring gear 152 rotates backward. As a result, the output 
shaft 67 is rotated backward by the motive power of the 
motor/generator 6 so that the reverse run can be 

50 effected. In this case, the driven pulley 70 rotates in the 
reverse running direction so that the one-way clutch F1 
is applied. Since the second brake 82 is released, how- 
ever, the system will not lock. 

0)147] The engine mode for the reverse run is set 
55 by applying the second dutch C2 to couple the engine 1 
to the second sun gear 156 and by applying the brake 
81 to fix the carrier 1 55. In this state, not only the motive 
power of the motor/generator 6 of the aforementioned 
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motor mode for the reverse run but also the motive 
power of the engine 1 is inputted to the second sun gear 
1 56. As a result the second sun gear 1 56 is rotated for- 
ward by the motive powers of the engine 1 and the 
motor/generator 6 so that the ring gear 152 is rotated 
backward by the corresponding torque. As a result, the 
output shaft 67 rotates kjackward to establish the 
reverse running state. In this case, too. the one-way 
clutch F1 is applied. 

[0148] In the case of this reverse run. the 
motor/generator 6 and the engine 1 can be coupled. 
After the start of the reverse run by the motor/generator 
6, therefore, the engine 1 is coupled to and started by 
the motor/generator 6. Before the start of the reverse 
run. alternatively, the engine 1 is started by the 
motor/generator 6 while the vehicle being slopped by 
slipping any of the frictional engagement devices. After 
this, the frictional engagement device is completely 
applied to start the reverse run, 

[0149] In the hybrid drive system shown in Fig. 32. 
too. the planetary gear mechanism 1 50 can be made to 
function like the torque converter at the fonward run to 
amplify the output torque, and the rotation of the output 
shaft 67 can be stopped to stop the vehicle while leav- 
ing the engine 1 active. By changing the inputting man- 
ner to the planetary gear mechanism 150 from the 
engine 1. moreover, the reverse run can be effected by 
the motive power of the engine 1 , Even in case the state 
of charge of the (not-shown) battery drops, therefore, 
the reverse run can be effected with the necessary and 
sufficient driving force. In the hybrid drive system having 
the construction shown in Fig. 32. still moreover, the 
individual clutches CI and C2 transmit the motive power 
of the engine 1 to the sun gears 151 and 156. There- 
fore, the transmission torque capacities, as demanded 
for the clutches CI and C2. will not exceed the torque 
outputted by tiie engine 1 so that these clutches CI and 
C2 can be given small capacities to reduce the entire 
size of the system. 

[0150] Here wilt be described an example which 
employs a Ravignaux type planetary gear mechanism 
having a long pinion of different shape, as shown in Fig. 
37. In the Ravignaux type planetary gear mechanism 
1 60 as shown, the long pinion has a larger tooth number 
at a portion to mesh with the second sun gear. Specifi- 
cally, tills Ravignaux type planetary gear mechanism 
160 comprises, as in the aforementioned one shown in 
Fig. 32: a first sun gear 161 ; a ring gear 162; a carrier 
165 retaining a short pinion gear 163 meshing with the 
first sun gear 161 and a long pinion gear 164 meshing 
witii the short pinion gear 163 and the ring gear 162 
rotatably and revolvably: and a second sun gear 166 
meshing with the long pinion gear 164. Moreover, this 
long pinion gear 164 is given a larger diameter at its por- 
tion meshing with tiie second sun gear 166 than that at 
its portion meshing with the ring gear 1 62 and is given a 
larger tootii number at its first-recited portion. 
[0151] Moreover, the first clutch CI is provided for 



coupling the engine 1 selectively to the first sun gear 
161. The motor/generator 6 is coupled to tine second 
sun gear 166, and the second clutch C2 is arranged 
between the second sun gear 166 and the earner 165. 

5 Still moreover, tiie output shaft 67 is connected to the 
carrier 1 65, and there are provided tiie first brake 81 for 
fixing the earner 165 selectively and the second brake 
82 for fixing tiie ring gear 1 62 selectively The remaining 
construction is similar to that shown in Fig. 7, and its 

10 description will be omitted by giving the same reference 
numerals to Fig. 37 as those of Fig. 7. 
[0152] The mnning modes (or drive modes) to be 
set in this hybrid drive system shown in Fig. 37 are tab- 
ulated In Fig. 38. The engine start mode will be 

15 described first of all. When the engine 1 is to be started, 
ttie first dutch CI is applied to couple the engine 1 to the 
first sun gear 161 , and the first brake B1 is applied to fix 
the canier 165. A nomographic chart in this state is illus- 
frated in Fig. 39. Here in the following nomographic 

20 charts, p 3 designates the ratio between the tooth 
number of that portion of the second pinion gear 164. 
which meshes with the first pinion gear 163, and the 
tootii number of tiiat portion of the same, which meshes 
witti the second sun gear 166. When tiie second sun 

25 gear 166 is rotated backward by the motor/generator 6 
with tiie carrier 165 being fixed, the first sun gear 161 
coupled to tiie engine 1 rotates fonward. In other words, 
tiie engine 1 is rotated fonward so tiiat it can be started 
in this state by feeding it with tiie fuel or by igniting it. if 

30 necessary 

[0153] At the time of the fonward run. there can be 
established three drive modes as in the foregoing sys- 
tem shown in Fig. 32. First off all. here will be described 
tiie ETC mode in which the planetary gear mechanism 

35 160 is made to function like the torque converter. In tiiis 
case, only tiie first clutch CI is applied. A nomographic 
chart in this state is illustrated in Fig. 40. Specifically, tiie 
engine 1 and tiie motor/generator 6 are coupled to tiie 
f irst sun gear 161 and tiie second sun gear 166 which 

40 take tiie relation to rotate oppositely each other when 
tiie carrier 165 integral with the output shaft 67 is fixed. 
In this state, therefore, tiie rotation of the output shaft 67 
is stopped, as indicated by a solid line in Fig. 40, if the 
motor/generator 6 is rotated backward at a predeter- 

45 mined revolution speed, so that tiie stop state of the 
vehicle can be kept with tiie engine 1 being activated. If 
the revolution speed of the motor/generator 6 is 
changed from this state in the forward rotating direction, 
tiiat is, if tiie motor/generator 6 is gradually rotated for- 

50 ward by reducing the revolution speed in the backward 
rotating direction, ttie output shaft 67 establishes a for- 
ward torque so that its revolution speed gradually rises. 
In tills case, the torque of tiie output shaft 67 is ampli- 
fied from the output torque of tiie engine 1 . In other 

55 words, tiie driving torque is amplified by tiie motive 
power outputted from the motor/generator 6. while driv- 
ing tiie engine 1. Thus, there is established the motor 
assist mode. 
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[0154] The motor mode for the forward run is set by 
applying the second clutch C2 to couple the motor/gen- 
erator 6 directly to the output shaft 67 through the car- 
rier 165. As a result, the motive power of the 
motor/generator 6 is transmitted as it is to the output 5 
shaft 67 so that the vehicle can be run by the motive 
power of the motor/generator 6. 
[0155] The engine/motor mode for the forward run 
is set by applying the first clutch C1 and the second 
clutch 02. By applying the secorxi dutch C2, specifi- 
cally, the second sun gear 166 and the earner 165 are 
coupled to integrate the planetary gear mechanism 160 
as a whole. Since the first clutch Cl is applied to couple 
the engine 1 to the first sun gear 161 of the integrated 
planetary gear mechanism 160. moreover, the engine 1 
and the motor/generator 6 are directly coupled to the 
output shaft 67. As a result, the motive powers of the 
engine 1 and the motor/generator 6 can be transmitted 
as they are to the output shaft 67 thereby to effect the 
forward run. 

[01 56] For the reverse run. there can be established 
three drive running modes (or drive modes}. The engine 
mode will be described first of all. When this reverse run 
is to be effected by the motive power of the engine 1 , the 
first clutch CI and the second clutch C2 are applied. 
Specifically, the engine 1 is coupled to the first sun gear 
161. and the ring gear 162 is fixed. The nomographic 
chart of this state is illustrated In Fig. 41 . When the first 
sun gear 161 is rotated forward by the engine 1 with the 
ring gear 162 being fixed, the carrier 165 and the output 
shaft 67 coupled to the former can rotate backward to 
effect the reverse run with the motive power of the 
engine 1 . 

[0157] The motor nrxxie for the reverse run is set by 
applying the second brake B2 exclusively. In this mode, 
the motive power is inputted from the motor/generator 6 
only to the second sun gear 166, and the ring gear 162 
is fixed in this state, so that the cannier 165 and the out- 
put shaft 67 coupled to the former rotate backward. 
Since, in this case, the revolution speed of the carrier 
165 is reduced according to the tooth number ratio (i.e.. 
gear ratio) p 2 between the second sun gear 166 and 
the ring gear 1 62 so that the output torque to be gener- 
ated at the output shaft 67 is raised according to the 
gear ratio. As a result, the gear ratio at the reverse run* 
ning time in the motor mode can be set at a large value. 
[0158] The engine/motor mode for the reverse run 
with the engine 1 and the motor/generator 6 is set by 
applying the first clutch CI and the second brake 82. 
Specifically, the engine 1 is coupled to the first sun gear 
161, and the ring gear 162 is fixed. In this state, the 
torque in the backward rotating direction is applied to 
the carrier 165 by the motive power inputted to the first 
sun gear 1 61 . Uke this, the carrier 1 65 rotates t^ckward 
when the motive power in the fon^vard rotating direction 
is inputted to the second sun gear 166. As a result, the 
motive powers of the engine 1 and the motor/generator 
6 can be synthesized by the planetary gear mechanism 



1 60 and transmitted to the output shaft 67. In short, the 
output shaft 67 can be rotated backward for the reverse 
run by the motive powers of the engine 1 and the 
motor/generator 6. 

[0159] In the aforementioned hybrid drive system 
shown in Rg. 37. too. the function as the so-<:alled 
"torque converter" to amplify the output torque of the 
engine 1 and to output the amplified torque to the output 
shaft 67 can be achieved, and the reverse run can be 
effected by the engine 1 . Even when the state of charge 
of the (not-shown) battery is lowered, therefore, the 
reverse run can be effected by the necessary and suffi- 
cient driving force. 

[0160] In the hybrid drive system shown in Fig. 37, 
moreover, the individual clutches CI and C2 are 
arranged to transmit the motive powers which are out- 
putted from the engine 1 and the motor/generator 6 but 
not the torque which is amplified by the gear mecha- 
nism. As a result, the clutches CI and C2 can have low 
torque transmission capacities so that the entire system 
can be made small and light. 

[0161] Although the individual specific examples 
thus far described have employed one set of planetary 
gear mechanism, the system of the invention can 
employ a plurality of sets of planetary gear mecha- 
nisms, as will be exemplified in the following. 
[0162] The hybrid drive system shown in Fig. 42 
employs two sets of single pinion type planetary gear 
mechanisms 170 and 171 having two rotary elements 
coupled to each other. These planetary gear mecha- 
nisms 170 and 171 respectively conrprise rotary ele- 
ments: sun gears 172 and 173; ring gears 174 and 175 
an-anged concentrically with the sun gears 1 72 and 1 73; 
and carriers 176 and 177 retaining pinion gears mesh- 
ing with the sun gears 172 and 173 and the ring gears 
1 74 and 1 75 rotatably and revolvably. Moreover, the car- 
rier 1 76 of the first planetary gear mechanism 1 70 and 
the ring gear 175 of the second planetary gear mecha- 
nism 171 are integrally coupled, and the ring gear 174 
of the first planetary gear mechanism 1 70 and the car- 
rier 177 of the second planetary gear mechanism 171 
are integrally coMpled. 

[0163] The motor/generator 6 is coupled to the sun 
gear 1 72 of the second planetary gear mechanism 1 71 . 
Between the sun gear 1 73 and the sun gear 1 72 of the 
first planetary gear mechanism 170. there are serially 
arranged the first one-way clutch F1 and the multi<lisc 
type first clutch CI which are applied when the torque is 
transmitted in the fonward rotating direction from the 
second planetary gear mechanism 1 71 to the first plan- 
etary gear mechanism 170. Between the engine 1 and 
the first clutch 01 . moreover, there is arranged a second 
one-way clutch F2 which is applied when the torque is 
transmitted from the engine 1 . As a result, the torque is 
transmitted from the engine 1 to the sun gear 1 72 of the 
first planetary gear mechanism 170 through the second 
one-way clutch F2 and the first clutch Cl , Between the 
engine 1 and the sun gear 173 of the second planetary 
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gear mechanism 171, moreover, there is arranged the 
multi-disc type second clutch C2. 
[01 64] There is provided the first brake B1 for selec- 
tively fixing the ring gear 174 of the first planetary gear 
mechanism 1 70 and the carrier 1 77 of the second plan- s 
etary gear mechanism 171, which are coupled to each 
other. Moreover, the output shaft 67 is coupled to the 
carrier 176 of the first planetary gear rhechanism 1 70. 
[01 65] Between the driven pulley 70 in the transmis- 
sion 68 and the casing 66, on the other hand, there are 
arranged a third one-way clutch F3 and the multi-disc 
type second brake 82 in the recited order. This one-way 
clutch F3 is applied when the driven pulley 70 is to be 
rotated backward or receives the torque in the backward 
running direction. Between the driven pulley 70 and the 
counter gear 72. moreover, there is interposed the third 
clutch C3 for coupling the two selectively. 
[0166] Through the drive pulley 69 and along its 
center axis, there is arranged a pump shaft 178. This 
pump shaft 178 is connected at its one end portion to 
the engine 1 or a shaft connected to the engine 1 so that 
it may rotate together, and the other end portion of the 
pump shaft 178 is connected though a chain mecha- 
nism 179 to the oil pump Op. Here, numeral 180 desig- 
nates a drive plate, and numeral 181 designates a 
damper mechanism. 

[0167] In the aforementioned hybrid drive system 
shown in Fig. 42. too. it is possible to set a variety of run- 
ning modes (or drive modes) as in the foregoing individ- 
ual examples. In the start mode for starting the engine 1 
with the vehicle being stopped, specifically, the second 
clutch C2 is exclusively applied. When the second 
clutch C2 is applied, the engine 1 is coupled to the sun 
gear 1 73 of the second planetary gear mechanism 171 . 
Since the motor/generator 6 is always coupled to the 
sun gear 173, moreover, the motor/generator 6 and the 
engine 1 are directly coupled, if the motor/generator 6 is 
driven in the fon^vard rotating direction, therefore, the 
engine 1 is rotated so that it can be started by feeding it 
with the fuel in that state or by igniting it. if necessary. 
[0168] On the other hand, the ETC mode, in which 
the output torque of the engine 1 can be amplif ied at the 
time of the fonward run by the motor/generator 6 and 
outputted to the output shaft 67, is set by applying the 
first clutch Cl and the third clutch 03. When the carrier 
1 76, as coupled to the output shaft 67, of the first plan- 
etary gear mechanism 1 70 and the ring gear 1 75 of the 
second planetary gear mechanism 1 71 are fixed, spe- 
cifically, the sun gear 172 of the first planetary gear 
mechanism 170 and the sun gear 173 of the second 
planetary gear mechanism 171 take a relation to rotate 
oppositely each other so that the engine 1 and the 
motor/generator 6 are coupled to those oppositely rotat- 
ing rotary elements. 

[0169] This state is illustrated as a nomographic 
chart in Fig. 43. If the engine 1 is activated in the most 
effk;ient state to rotate the motor/generator 6 backward 
at a predetermined revolution speed, the rotation of the 



output shaft 67 can stop to keep the stop of the vehicle, 
as indicated by a sold line in Fig. 43. When the forwar6 
torque of the motor/generator 6 is raised from this state, 
the forward revolution speed of the motor/generator 6 
rises (or the backward revolution speed lowers), so that 
the output elements, i.e.. the canrier 1 76 of the first plan- 
etary gear mechanism 170 and the ring gear 175 of the 
second planetary gear mechanism 1 71 , and the output 
shaft 67 coupled to them rotate forward, as indicated by 
a broken line in Fig. 43. Moreover, the torque to be gen- 
erated at the output shaft 67 exceeds the output torque 
of the engine 1 . As a result, the torque amplifying action 
is made as in the torque converter. Here, the transmis- 
sion of the torque from the engine 1 to the first sun gear 
172 is effected through the one-way clutch F2 so that 
this one-way clutch F2 is released in the powerOFF 
state. As a result, the engine 1 can be stopped in the 
power-OFF state. 

[0170] In the motor mode for the foPArard run, the 
motor/generator 6 is "directly" coupled to the output 
shaft 67. and the first to third clutches CI, C2 and C3 
are applied. The second one-way clutch F2 is applied 
because the fonvard torque is inputted to the second 
one-way dutch F2 from the engine 1 by applying the 
second clutch C2. Since the first clutch 01 in series with 
the second one-way clutch F2 is applied, moreover, the 
first one-way clutch F1 is coupled through the first clutch 
01 to the sun gear 172 of the first planetary gear mech- 
anism 170. As a result, the motor/generator 6 is coupled 
to the sun gear 172 of the first planetary gear mecha- 
nism 170. Since the motor/generator 6 is always cou- 
pled to the sun gear 173 of the second planetary gear 
mechanism 1 71 . moreover, the individual sun gears 1 72 
and 173 are integrally coupled. As a result, the first 
planetary gear mechanism 1 70 and the second plane- 
tary gear mechanism 171 are integrated as a whole so 
that the motive power of the motor/generator 6 can be 
transmitted as it is to the output shaft 67 to effect the for- 
ward run with the motive power of the motor/generator 
6. 

[0171] In this case, the second one-way clutch F2 
and the first dutch 01 are applied so that the engine 1 
is coupled to the sun gear 1 72 of the first planetary gear 
mechanism 170 and rotated by the motive power of the 
motor/generator 6. This causes the so-called "dragging" 
of the engine 1 . Therefore, the resistance accompany- 
ing the idle run of the engine 1 is preferably lowered as 
much as possikrfe either by opening the (not-shown) 
throttle valve of the engine 1 fully or by opening both the 
intake valve and the exhaust valve. Since the engine 1 
is continuously rotated during the vehicle run. moreover, 
it can be easily started during the run. 
[01 72] With the first to third dutches 01 . 02 araj C3 
being applied, as described above, the engine 1 and the 
motor/generator 6 are directly coupled to the output 
shaft 67. If not only the motor/generator 6 but also the 
engine 1 are activated, the vehide can be run fonvard 
by the motive powers of the engine 1 and the 
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motor/generator 6. Now, the engine/motor mode is 
established. 

[0173] Here will be described the modes for the 
reverse run. In the engine mode for the reverse run with 
the motive power of the engine 1 , the second clutch C2, 
the third clutch C3 and the first brake B1 are applied. 
Specifically, the engine 1 is coupled to the sun gear 1 73 
of the second planetary gear mechanism 171. and the 
can-ier 177 of the second planetary gear mechanism 
1 71 is fixed. If the sun gear 1 73 is rotated fonA^ard by the 
engine 1, therefore, the ring gear 175 and the output 
shaft 67 coupled to the former rotate backward so that 
the motive power of the engine 1 is outputted through 
the transmission 68 and the third clutch C3 to establish 
the reverse running state. This state is illustrated as a 
nomographic chart in Rg. 44. 

[0174] In this case, moreover, the motor/generator 
6 is always coupled to the sun gear 1 73 of the second 
planetary gear mechanism 1 72. If not only the engine 1 
but also the motor/generator 6 are activated, therefore, 
the motive powers of the engine 1 and the motor/gener- 
ator 6 are transmitted to the output shaft 67 thereby to 
establish the engine/motor mode for the reverse run. 
[0175] If, moreover, the first brake B1 is applied to 
input the fbnward torque to the sun gear 1 73 of the sec- 
ond planetary gear mechanism 171, the ring gear 175 
and the output shaft 67 coupled to the former rotate 
backward to establish the reverse running state. If the 
second clutch C2 is released to uncouple the engine 1 
from the sun gear 173 of the second planetary gear 
mechanism 171 and if the motor/generator 6 is acti- 
vated in the fonward rotating direction, the vehicle is run 
backward by the motive power of the motor/generator 6. 
Here is established the motor mode for the reverse run. 
[0176] If the sun gear 173 of the second planetary 
gear mechanism 171 is rotated fonward with the carrier 
1 77 of the second planetary gear mechanism 1 71 being 
fixed by the first brake B1 , as described above, the ring 
gear 175 coupled to the output shaft 67 rotates back- 
ward. If the ring gear 1 75 is rotated fbn^ward. on the con- 
trary, the sun gear 173 rotates backward. This action 
can be utilized to effect the regenerative braking at the 
forward running time. When the first brake B1 is applied 
in place of the first dutch C1 in response to a braking 
demand while the vehicle is running fonwarcl in the 
aforementioned ETC mode, for example, the ring gear 
175 of the second planetary gear mechanism 171 is 
rotated forward by the torque inputted from the output 
shaft 67 with the carrier 177 of the same being fixed, as 
illustrated in the nomographic chart of Fig. 45, so that 
the sun gear 173 rotates backward. The torque acting 
on this sun gear 173 is transmitted to forcibly rotate the 
motor/generator 6 backward so that an electromotive 
force is generated in the motor/generator 6. In other 
words, the motive power to be inputted from the output 
shaft 67 is converted into and consumed the electric 
energy so that the resisting force at this time acts as the 
braking force. 



[0177] The hybrid drive system thus far described 
with reference to Fig. 42 can also set a hill hold mode. 
This hill hold mode is one for holding the vehicle so that 
the vehicle may not go back at a starting time on an 
5 uphill, and is achieved by the aforementioned second 
brake B2 and the third one-way clutch in series with the 
former. Specifically, the third one-way clutch F3 is 
applied when the driven pulley 69 is to rotate in the 
reverse running direction. If, therefore, the vehicle is 
10 stopped with the second brake B2 and the third clutch 
03 being applied and is released from the braking 
action, it is subjected to the load for a backward move- 
ment by its own weight. Specifically the driven pulley 69 
is prevented from rotating because It is subjected to the 
IS backward rotating torque so that the third one-way 
clutch F3 is applied. In short, the vehicle can be blocked 
against its backward movement to start smoothly on the 
uphill from its stopped state, even if the braking opera- 
tion is released to operate the start. 
20 [0178] In the hybrid drive system having the con- 
struction thus far described with reference to Rg. 42. 
too, a run required to generate a high driving force as at 
the start can be smoothed, and the reverse run can be 
made by the motive power of the engine 1 by amplifying 
25 the engine torque for the fonvard run and outputting the 
ampfified torque. Even in the construction shown in Fig. 
42. on the other hand, the first clutch CI and the second 
clutch C2 transmit the output torque of the engine 1 as 
it is so that the construction need not have an especially 
30 large torque transmission capacity. As a result, those 
dutches CI and C2 can be small-sized to make the 
hybrid drive system small and light as a whole. 
[0179] Here will be described another exanple 
employing two sets of planetary gear mechanisms. The 
35 example shown in Fig. 46 employs two sets of single 
pinion type planetary gear mechanisms as in the fore- 
going example shown in Rg. 42, but is different from the 
construction of Fig. 42 in the coupling states of the 
rotary elements and in the coupling states of the engine 
40 1 and the frictranal engagement devices. Specifically, 
the carrier 176 of the first planetary gear mechanism 
1 70 is integrally coupled to the ring gear 1 75 of the sec- 
ond planetary gear mechanism 171. and the sun gear 
172 of the first planetary gear mechanism 170 is inte- 
rs grally coupled to the canier 1 77 of the second planetary 
gear mechanism 171, 

[0180] Moreover, the first dutch CI is arranged 
between the ring gear 174 of the first planetary gear 
mechanism 170 and the engine 1, and the second 

50 dutch C2 is ananged between the sun gear 1 73 of the 
second planetary gear mechanism 171 and the engine 
1 . Moreover, the first brake B1 is arranged to fix the rota- 
tion of the sun gear 1 72 of the first planetary gear mech- 
arusm 170 selectively The remaining construction is 

55 sinnilar to that shown in Fig. 42, and its description will 
be omitted by giving the same reference numerals to 
Fig. 6 as those of Fig. 42. 

[0181] The running modes (or drive modes) to be 
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set by this hybrid drive system will be described in the 
following. The engine start mode is set by applying the 
first clutch CI and the second brake B2. A nomographic 
chart of this state is illustrated in Fig. 47. When the sec- 
ond brake B2 is applied, the backward rotation of the s 
driven pulley 70. i.e.. the output shaft 67 is blocked by 
the third one-way clutch F3. When the motor/generator 
6 is rotated backward to apply the backward torque to 
the sun gear 172 of the first planetary gear mechanism 
1 70, therefore, the carrier 1 76 of the first planetary gear w 
mechanism 170, as integrated with the output shaft 67. 
is fixed so that the ring gear 174 rotates forward. Since 
vhe engine 1 is coupled to this ring gear 1 74, it is rotated 
? jTward by the motive power of the motor/generator 6 so 
(hat it can be started in this state by feeding it with the is 
fuel or by igniting it, if necessary. 
[0182] In this case, the carrier 1 76 or the fixed ele- 
ment of the first planetary gear mechanism 1 70 can still 
rotate forward because it is kept away from the back- 
ward rotation by the third one-way clutch F3. Therefore, 20 
the engine 1 is activated, after started, in the most effi- 
cient state. As the output torque of the motor/generator 
6 in the forward rotating direction is gradually raised in 
this state, the carrier 176 and the output shaft 67 inte- 
gral with the former begin to rotate. In short, the third 25 
one-way clutch F3 is released from its applied state. 
Moreover, the driving torque in this case is amplified 
from the output taque of the engine 1 by the motor/gen- 
erator 6. This operation is similar to the torque amplify- 
ing function by the torque converter In the hybrid drive 30 
system having the construction shown in Fig. 46, there- 
fore, the so-called "ETC mode" can be set by applying 
the first clutch Cl and the third clutch C3. In other 
words, this mode is set, when the rotary element inte- 
gral with the output shaft 67 is fixed, by coupling the 35 
engine 1 and the motor/generator 6 to the two rotary 
elements having a relation to rotate in the opposite 
direction each other. 

[0183] In this start of the vehicle, the second brake 
B2 and the third one-way clutch F3 are applied to pre- 40 
vent the backward movement of the vehicle, so that the 
aforementioned hill hold function can be achieved. 
[0184] Here will be described the motor mode for 
the forward run. In this motor mode, the vehicle is run by 
the motive power of the motor/generator 6 by coupling 45 
the motor/generator 6 directly to the output shaft 67. For 
this mode, therefore, the first to third clutches C1. 02 
and C3 are applied. When the first and second clutches 
01 and 02 are applied, the ring gear 174 of the first 
planetary gear mechanism 1 70 and the sun gear 1 73 of so 
the second planetary gear mechanism 171 are inte- 
grally coupled so that the individual planetary gear 
mechanisms 170 and 171 are integrated as a whole. As 
a result, the motor/generator 6 is directly coupled to the 
output shaft 67 so that its motive power Is outputted as ss 
it is. In this case, the engine 1 is also directly coupled to 
the output shaft 67 through the planetary gear mecha- 
nisms 1 70 and 1 71 so that it rotates idly. In order to pre- 



vent the power loss due to the idle rotation of the engine 
1 , it is preferable to provide a suitable clutch mechanism 
for uncoupling the engine 1 from the Integrated plane- 
tary gear mechanisms 170 and 171. If the engine 1 is 
made idle, moreover, it is easy to start the engine 1 and 
to run the accessories such as an air conditioner during 
the vehicle run. 

[0185] In the motor mode, the engine 1 is also 
directly coupled to the output shaft 67, as described 
above, if not only the motor/generator 6 but also the 
engine 1 is activated, therefore, the vehicle can be run 
fOHA^ard by the motive powers of the engine 1 and the 
motor/generator 6. Here Is established the 
engine/motor mode. 

[0186] With this construction shown in Fig. 46. too, 
a reverse run can be established by the output of the 
engine 1 . This engine mode is set by applying the sec- 
ond dutch 02, the third clutch 03 and the first brake B1 . 
This state is illustrated by a nomographic chart in Fig. 
48. With the sun gear 172 of the first planetary gear 
mechanism 1 70 and the carrier 1 77 of the second plan- 
etary gear mechanism 1 71 being fixed by the first brake 
B1 , the torque in the forward rotating direction is trans- 
mitted from the engine 1 through the second clutch 02 
to the sun gear 173 of the second planetary gear mech- 
anism 1 71 . Then, the ring gear 175 and the output shaft 
67 coupled to the former rotate backward so that the 
motive power of the engine 1 is outputted as the motive 
power in the backward rotating direction. In short, the 
vehicle is run backward. 

[0187] In this mode, the reaction for the reverse run 
is established by the first brake B1. Since the 
motor/generator 6 is coupled to the sun gear 1 72 of the 
first planetary gear mechanism 170 to which the first 
brake B1 is coupled, however, the reaction can be 
established by the motor/generator 6. As the reaction by 
the motor/generator 6 is gradually lowered in this case, 
the sun gear 172 of the first planetary gear mechanism 
1 70 and the carrier 1 77 of the second planetary gear 
mechanism 1 71 . as integrated with the former gradually 
start to rotate forward. Simultaneously with this, the rev- 
olution speeds of the ring gear 1 75 and the output shaft 
67 integral with the former lower, until the rotation of the 
output shaft 67 stops. If the reaction (or the torque in the 
backward rotating direction) by the motor/generator 6 is 
raised, on the contrary, the revolution speed of the out- 
put shaft 67 in the backward rotating direction rises. In 
short, the driving torque for the reverse run can be con- 
trolled by the output of the motor/generator 6 and can 
be amplified from the engine torque by the motor/gener- 
ator 6. This operation is the torque amplifying function 
as in the ETC mode for the forward run so that the con- 
struction shown in Fig. 46 can also set the ETO nnode at 
the time of the reverse run. 

[0188] Here in the motor mode in which the 
motor/generator 6 is directly coupled to the output shaft 
67, as described above, the engine 1 is also directly 
coupled to the output shaft 67. With the construction 
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shown in Rg. 46, therefore, it Is impossible to set the 
motor mode for the reverse run. When the suitable 
clutch means is provided for uncoupling the engine 1 
from the integrated planetary gear mechanisms 170 
and 171, however, the vehicle can'be run backward . 5 
exclusively by the motive power of the motor/generator 
6. 

[0189] Thus, even in the hybrid drive system having 
the construction shown in Rg. 46. too. there can be 
achieved the function as the torque converter for ampli- 10 
tying and outputting the engine torque, and the reverse 
run can be effected by the motive power of the engine 1 . 
Even when the state of charge of the (not-shown) bat- 
tery is low. therefore, it is possible to generate a driving 
force sufficient for the reverse run. Since the output is 
torque of the engine 1 is unamplif ied and transmitted to 
the clutches CI and C2 arranged adjacent to the plane- 
tary gear mechanisms 170 and 171, moreover, the 
torque transmission capacity, as required of those 
clutches Cl and C2, is so tow that the system can be 20 
made small and light Still moreover, the planetary gear 
mechanisms 170 and 171 can be arranged adjacent to 
the motor/generator 6, as shown in Fig. 46. With this 
construction, therefore, the planetary gear mechanisms 
1 70 and 1 71 can be partially intruded into the inner dr- 25 
cumference of the rotor of the motor/generator 6 so that 
the system can be axially shortened as a whole and 
made small and light 

[0190] According to the hybrid drive system of the 
invention, as has been described hereinbefore, the 30 
vehicle can be run backward by the motive power out- 
putted from the internal combustion engine. Even when 
the state of charge of the battery or the prime mover of 
the electric nxitor goes down, the reverse run can be 
made by the large driving force of the internal combus- 35 
Won engine. At the forward run. on the other hand, the 
torque outputted from the internal combustion engine 
can be amplified with the motive power outputted from 
the electric motor and can be outputted to the output 
member so that a smooth run can be achieved even at 40 
the start time when a high torque is demanded. Still 
moreover, the revolution speed and the output torque of 
the output member can be controlled with the output of 
the electric motor while the internal combustion engine 
is run in a constant state, so that the control of the start 45 
tim is facilitated. Since the internal combustion engine 
can be rotated and started by the electric motor, further- 
more, the starter motor, as mounted on the ordinary 
vehicle in the prior art, can be eliminated to reduce the 
size and weight. so 
[0191] According to the invention, moreover, the 
torque outputted from the internal combustion engine ' 
can be amplified with the output of the electric motor 
even at the reverse run with the motive power of the 
internal combustion engine, so that the start control for 55 
the reverse run can be facilitated. Still moreover, the 
gear ratio of the reverse run can be enlarged to estab- 
lish a driving force satisfying the demand. 



INDUSTRIAL APPLICABILITY 

[0192] The hybrid drive system of the invention is 
enabled to effect the reverse run with the internal com- 
bustion engine by mounting the electric motor and the 
internal combustion engine as the prime movers on the 
vehicle. This eliminates the restriction on the reverse 
run, as might othenAnse be caused the state of charge erf 
the battery for supplying the electric motive power of the 
electric motor. As a result, it is possible to improve the 
practicability of the hybrid vehicle employing the electric 
motor and the internal combustion engine as its prime 
movers and accordingly to promote the generalization 
of the same. 

Claims 

1. A hybrid drive system which has: a torque amplify 
mechanism (12) coupled to an output member (2) 
of an internal combustion engine (1) and an output 
member (9) of an electric motor (6), as energized 
by an electric power to output a torque, for amplify- 
ing and outputting tiie torque, as outputted from 
said internal combustion engine (1), t>y controlling a 
torque of said electric motor (6); and a continuously 
variable transmission (21) arranged between 
torque amplify mechanism (12) and said output 
shaft (34) for increasing/decreasing and outputting 
a motive power inputted from said torque amplify 
mechanism (12). 

characterized by a fonA^ard/backward switch- 
ing mechanism (29) interposed between said 
torque amplify mechanism (12) and said output 
shaft (34) for setting a forward state in which tire 
inputted motive power is unreversed and outputted, 
and a backward state in which tiie inputted motive 
power is reversed and outputted. 

2. A hybrid drive system as set forth in Qaim 1 . char- 
acterized: in that said continuously variable trans- 
mission (21) includes a drive side member (22) and 
a driven side member (23) arranged to have center 
axes of rotation in parallel witii each otiier; in that 
said electric motor (6). said internal comtxjstion 
engine (1) and said torque amplify mechanism (12) 
are arranged in alignment witii said drive side mem- 
ber (22); and in that said forwardA>ackward switoh- 
ing mechanism (29) is an-anged in alignment with 
said driven side member (23). 

3. A hybrid drive system as set forth in Claim 2. char- 
acterized: in that said fonMard/backwaid switching 
mechanism (29) includes a gear mechanism (30) 
for setting a forward state in which tiie directions of 
an input torque and an output torque are identical, 
and a backward state in which tiie directions of the 
input torque and the output torque are opposite, a 
first engagement device (35) for setting said gear 
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mechanism (30) in the forward state, and a second 
engagement device (36) for setting said gear mech- 
anism (30) tn the t>ackward state; and in that said 
engagement devices (35. 36) are arranged in align- 
ment with said driven side menrber (23) and on the 
two sides across said driven side member (23). 

4- A hybrid drive system as set forth in Claim 1 , char- 
acterized: 

in that said fonward/backward switching mecha- 
nism (29) includes: 

a planetary gear mechanism (30) having rotary 
elements of a sun gear (31), a ring gear (32) 
arranged concentrically with said sun gear 
(31), and a carrier (33) retaining a pinion gear 
arranged between said sun gear (31) and said 
ring gear (32); and 

a first engagement device (35) for coupling any 
two of said rotary elements selectively: and 
a second engagement device (36) for fixing any 
of said rotary elements to rotate the other two 
rotary elements oppositely each other; and 
in that one of said any two of said rotary ele- 
ments is coupled to said torque amplify mecha- 
nism (12) whereas the other rotary element is 
coupled to said output shaft (34). 

5- A hybrid drive system for outputting a motive power 
from an internal combustion engine (1) and an elec- 
tric motor (6. 84) to an output member (67, 106) 
through a planetary gear mechanism (60. 94, 140) 
including rotary elements of a sun gear (61 , 95, 
141), a ring gear (62, 98, 142) an-anged concentri- 
cally with said sun gear (61. 95. 141), and a carrier 
(65, 96, 144) retaining rotatably and revolvably a 
plurality of pinion gears (63. 64, 143) anranged 
between said sun gear (61, 95, 141) and said ring 
gear (62, 98. 142), characterized by: 

brake means (B1 . F1) for selectively fixing any 
one (62. 98, 144) of said three rotary elements 
that takes a relation, when fixed, in which the 
other two rotary elements rotate oppositely 
each other; 

first dutch means (C1 , C3) for coupling either 
(61. 65, 95. 96. 141) of said two rotary ele- 
ments (61, 95. 65. 141 , 142) selectively to said 
output member (67, 106); and 
second clutch means (C2, C4) for coupling said 
output member (67. 106) selectively to the 
rotary element (62. 98, 144) which is fixed by 
said brake means (B1). and characterized: 
in that said internal combustion engine (1) is 
always or selectively coupled to the other (61. 
65. 95, 96. 142) of said other two rotary ele- 
ments (61, 95, 65. 96. 141. 142); and 
in that said electric motor (6, 84) is always or 
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selectively coupled to the rotary element (61 , 
65. 95. 96. 141) which is coupled to said output 
member (67. 106) by said first clutch means 
{C1.C3). 

6. A hybrid drive system as set forth in Claim 5. char- 
acterized: 

in that said planetary gear mechanism (60, 94) 
includes a double pinion type planetary gear 
mechanism having a first pinion gear (63) 
meshing with said sun gear (61 , 95), and a sec- 
ond pinion gear (64) meshing with said first pin- 
ion gear (63) and said ring gear (62, 98); 
in that said electric motor (6. 84) is coupled to 
said carrier (65, 96) retaining said pinion gears 
(63. 64); 

in that said internal combustion engine (1) is 
coupled to said sun gear (61 . 95); 
in that said brake means (B1, F1) is arranged 
between said ring gear (62, 98) and a casing 
(66, 79): and 

in that said output member (67. 106) is coupled 
through said first clutch means (CI . C3) to said 
carrier (65, 96) and further through said second 
clutch means (C2, C4) to said ring gear (62, 
98). 

7. A hybrid drive system as set forth in Claim 5, char- 
acterized: 

in that said planetary gear mechanism (60) 
includes a double pinion type planetary gear 
mechanism having a first pinion gear (63) 
meshing with said sun gear (61). and a second 
pinion gear (64) meshing with said first pinion 
gear (63) and said ring gear (62); 
in that said internal combustion engine (1) is 
coupled to said carrier (65) retaining said pin- 
ion gears (63. 64); 

In that said electric motor (6) is coupled to said 
sun gear (61); 

in that said brake means (81, F1) is arranged 
between said ring gear (62) and said casing 
(66); and 

in that said output member (67) is coupled 
through said first clutch means (CI) to said sun 
gear (61) and forther through said second 
clutch means (C2) to said ring gear (62). 

a A hybrid drive system as set forth in Claim 5. char- 
acterized: 

in that said planetary gear mechanism (140) 
includes a single pinion type planetary gear 
mechanism having a plurality of pinion gears 
(143) meshing with said sun gear (141) and 
said ring gear (142); 
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in that said brake means (B1. F1) is arranged 

between said carrier (144) retaining said pinion 

gears (143) and a casing (66); 

in that said electric motor (6) is coupled to said 

sun gear (141); s 

in that said internal combustion engine (1) is 

coupled to said ring gear (142); and 

In that said output member (67) is coupled 

through said first clutch means (C1) to said sun 

gear (141) and further through said second io 

clutch means (C2) to said carrier (144). 

9. A hybrid drive system for outputting a motive power 
from an Internal combustion engine (1) and an elec- 
tric motor (6) to an output member (67) through a is 
planetary gear mechanism (60) induding rotary 
elements of a sun gear (61), a ring gear (62) 
arranged concentrically with said sun gear (61), 
and a carrier (65) retaining rotatably and revoivably 
a plurality of pinion gears (63. 64) arranged so 
between said sun gear (61) and said ring gear (62), 
characterized by: 



a Ravignaux type planetary gear mechanism 
(150) including a first sun gear (151). a ring 
gear (152) arranged concentrically with said 
first sun gear (151), a can-ler (155) retaining 
rotatably and revoivably a f irst pinion gear (1 53) 
meshing with said first sun gear (151) and a 
second pinion gear (154) meshing with said 
first pinion gear (153) and said ring gear (152), 
and a second sun gear (1 56) meshing with said 
second pinion gear (154); 
first dutch means (CI) for coupling said inter- 
nal combustion engine (1) selectively to said 
first sun gear (151); 

second clutch means (C2) for coupling said 
internal combustion engine (1) selectively to 
said second sun gear (156); and 
brake means (B1) for fixing said carrier (155) 
selectively, and 

characterized: in that said electric motor (6) is 
coupled to said second sun gear (156); and in 
that said output member (67) is coupled to said 
ring gear (152). 



first irput dutch means (C1) for coupling said 
electric motor (6) selectively to any one (62) of 25 
said thee rotary elements that takes a relation, 
when fixed, in which the other two rotary ele- 
ments (61 . 65) rotate oppositely each other; 
second input clutch means (C2) for coupling 
said electric motor (6) selectively to either (65) 30 
of said other two rotary element (61 . 65); 
first output clutch means (C3) for coupling said 
rotary element (65). to which said electric 
motor (6) is coupled by said secorxj input 
clutch means (C2), selectively to said output 3S 
member (67); and 

second output clutch means (C4) for coupling 
the rotary element (62), which is coupled to 
said electric motor (6) by said first input clutch 
means (CI ), selectively to said output member 4o 
(67), and 

characterized in that said internal combustion 
engine (1) is coupled always or selectively to 
the other (61) of said two rotary element (61, 
65). 45 

1 0. A hybrid drive system as set forth in Claim 9, further 
characterized by a one-way dutch (F1) arranged 
between said rotary element (62), which is coupled 

to said first input clutch means (C1) and said sec- so 
ond output clutch means (C4), and a casing (66). 

11. A hybrid drive system for transmitting a nrvjtive 
power outputted from an internal combustion 
engine (1) and a motive power outputted from an ss 
electric motor (6), eitiier individually or syntiietically 

to an output member (67), characterized by: 



1 2. A hyt>rid drive system as set forth in Claim 1 1 , fur- 
ther characterized by fixing means (B2, F1) for 
selectively stopping the rotation of either said out- 
put member (67) or a member (70) which is inte- 
grally connected to said output member (67). 

13. A hybrid drive system for transmitting a motive 
power outputted from an internal combustion 
engine (1) and a motive power outputted from an 
electric motor (6). either individually or synthetically 
to an output member (67). characterized by: 

a Ravignaux type planetary gear mechanism 
(160) including a first sun gear (161), a ring 
gear (162) arranged concentrically with said 
first sun gear (161), a can-ier (165) retaining 
rotatably and revoivably a first pinion gear (1 63) 
meshing with said first sun gear (161) and a 
second pinion gear (164) meshing with said 
first pinion gear (163) and said ring gear (162), 
and a second sun gear (1 66) meshing with said 
second pinion gear (164); 
first clutch means (CI) for coupling said inter- 
nal combustion engine (1) selectively to said 
first sun gear (161); 

second clutch means (C2) for coupling said 
electric nriotor (6) selectively to said carrier 
(165); and 

brake means (B2) for fixing said ring gear (1 62) 
selectively, and 

characterized: in that said electric motor (6) is 
coupled to said second sun gear (166); and in 
that said output member (67) is coupled to said 
carrier (165). 
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14. A hybrd drive system as set forth In Claim 13, fur- 
ther characterized by fixing means (B1) for selec- 
tively stopping the rotation of either said output 
member (67) or a member (165) which is integrally 
connected to said output member (67). 

15. A hybrid drive system as set forth in Ciainn 13. fur- 
ther characterized in that the tooth number of that 
portion of said second pinion gear (164) which 
meshes with said first pinion gear (163), and the 
tooth number of that portion of the same which 
meshes with said second sun gear (166). are differ- 
ent 

16. A hybrid drive system for transmitting a motive 
power outputted from an internal combustion 
engine (1) and a motive power outputted from an 
electric motor (6), either individually or synthetically 
to an output member (67), characterized by: 

a first planetary gear mechanism (170) and a 
second planetary gear mechanism (171) 
including rotary elements of a sun gear (172. 
173), a ring gear (174, 175) arranged concen- 
trically with said sun gear (172, 173). a carrier 
(176. 177) retaining rotatably and revolvably a 
pinion gear arranged between said sun gear 
(172. 173) and said ring gear (174, 175); 
brake means (B1) for selectively fixing any one 
(177) of the rotary elements in said second 
planetary gear mechanism (171), that take a 
relation, when fixed, in which the other two 
rotary elements rotate oppositely each other; 
and 

second dutch means (C2) for coupling said 
internal combustion engine (1) selectively to 
either (173) of said other two rotary elements 
(1 73, 1 75), arxi characterized: 
in that the other rotary element (1 75) is coupled 
to said output member (67); 
in that any one (176) of the rotary elements of 
said first planetary gear mechanism (170) that 
takes a relation, when fixed, in which the other 
tvyo rotary elements rotate oppositely each 
other, is coupled to said output member (67); 
in that said internal combustion engine (1) is 
selectively coupled to either (172) of said other 
two rotary elements (172, 174) in said first 
planetary gear mechanism (170); and 
in that the motive power of said electric motor 
(6) is transmitted to the other (174) of said 
other two rotary elements (172, 174) in said 
first planetary gear mechanism (170). 

17. A hybrid drive system as set forth in Claim 16. fur- 
ther characterized: 

in that said first planetary gear mechanism 



(170) and said second planetary gear mecha- 
nism (171) include a single pinion type plane- 
tary gear mechanism in which a plurality of 
pinion gears meshing with said sun gears (1 72. 
5 173) and said ring gears (174, 175) are 

retained rotatably and revolvably by said carri- 
ers (176, 177); 

in that said brake means (B1) is arranged 
between the can-ier (177) of said second plan- 
10 etary gear mechanism (1 71) and a casing (iB6), 

in that said can^ter (177) is coupled to the ring 
gear (174) of said first planetary gear mecha- 
nism (170); 

in that said second dutch means (C2) is 
15 arrangd to couple the sun gear (173) of said 

second planetary gear mechanism (171) and 
said internal combustion engine (1), and in that 
said electric motor (6) is coupled to said sun 
gear (173); 

20 in that the ring gear (1 75) of said second plan- 

etary gear mechanism (171) is coupled to the 
carrier (1 76) of said first planetary gear mecha- 
nism (170); 

in that the carrier (176) of said first planetary 
25 gear mechanism (170) is coupled to the ring 

gear (175) of said second planetary gear 
mechanism (171) and an output member (67): 
and 

in that the sun gear (1 72) of said first planetary 
30 gear mechanism (170) is coupled through first 

clutch means (C1) to said internal combustion 
engine (1). 

18. A hybrid drive system as set forth in Claim 16, fur- 
35 ther characterized: 

in that said first planetary gear mechanism 
(170) and said second planetary gear mecha- 
nism (171) include a single pinion type plane- 

40 tary gear mechanism in which a plurality of 

pinion gears meshing with said sun gears (1 72. 
173) and said ring gears (174, 175) are 
retained rotatably and revolvably by said carri- 
ers (176, 177); 

45 in that the carrier (177) of said second plane- 

tary gear mechanism (171) is coupled to the 
sun gear (172) of said first planetary gear 
mechanism (170), in that said brake means 
(81) is arranged to fix said carrier (177) and 

so said sun gear (1 72) selectively; 

in that said second clutch means (C2) is 
arrangd to couple the sun gear (173) of said 
second planetary gear mechanism (171) and 
said internal combustion engine (1); 

55 in that the ring gear (1 75) of said second plan- 

etary gear mechanism (171) is coupled to the 
carrier (1 76) of said first planetary gear mecha- 
nism (1 70). and in that said carrier (1 76) is cou- 
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pled to said output member (67); and 
in that the ring gear (1 74) of said first planetary 
gear mechanism (170) is coupled through first 
clutch means (C1) to said internal combustion 
engine (1). s 

19. A hybrid drive system as set forth in Claim 16, fur- 
ther characterized by fixing means (B2, F1. F3) for 
selectively stopping the rotation of either said out- 
put member (67) or a member (70) which is into- io 
grally connected to said output member (67). 
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FIG.5 
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(54) HYBRID DRIVER 
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(57) A hybrid drive system comprising: a torque am- 
plify mechanism coupled to an output member of an In- 
ternal combustion engine and an output member of an 
electric motor, as energized by an electric power to out- 
put a torque, for amplifying and outputting the torque, 
as outputted from the internal combustion engine, by 
controlling the torque of the electric motor; and a con- 
tinuously variable transmission arranged between 
torque amplify mechanism and the output shaft for in- 
creasing/decreasing and outputting the torque inputted 
from the torque amplify mechanism. Further comprised 
is a foHA/ard/backward switching mechanism between 
the torque amplify mechanism and the output shaft for 
setting a forward state, in which the Inputted motive 
power is unreversed and outputted, and a backward 
state in which the inputted motive power is reversed and 
outputted. As a result, the reverse run can be made only 
with the motiv power outputted from the internal com- 



bustion engine. 



FIG.1 




Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID: <EP 1038722A8 I > 



